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1.0
INTRODUCTION

During the 1991 to 1993 period of groundwater quality sampling, vinyl chloride was detected
in saturated Valley Fill Alluvium in the South Walnut Creek Drainage. Vinyl chloride
concentrations ranging from 200 pg/l to 860 pg/l were observed at Well 3586, located
approximately 600 feet west of the Pond B-1 inlet. However,-at Well 3686, located near the
Pond B-1 inlet and hydraulically downgradient of Well 3586, no vinyl chloride was detected
in the eight samples collected during that period. Vinyl chloride was identified as an OU6
chemical of concern in the Draft Final Technical Memorandum No. 4 Chemicals of Concern,
Human Health Risk Assessment, Walnut Creek Priority Drainage, Operable Unit No. 6 (DOE
1994).

The presence of vinyl chloride at Well 3586 but not at Well 3686 raised a concern over the
migration of this chemical in the shallow groundwater system within the South Walnut Creek
drainage. It was suspected that vinyl chloride does not migrate toward Well 3686 due to
volatilization of vinyl chloride in the shallow vadose zone environment. This study was
undertaken to evaluate the fate and transport of vinyl chloride in groundwater and to

understand the possible reasons why vinyl chloride was not detected at Well 3686.

A one-dimensional analytical groundwater solute transport model involving advection and
volatilization processes was developed to simulate the transport of vinyl chloride in the
saturated zone. The vinyl chloride concentration in groundwater at Well 3686 was estimated
using the model. This report documents (1) the development of the transport equations, (2)
the solution of the differential equation, and (3) the application of the transport model to the

site.
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2.0
CONCEPTUAL MODEL

Vinyl chloride dissolved in groundwater potentially is influenced by the following physical
and chemical processes: advection, dispersion, retardation (adsorption/desorption), bio-
degradation, and volatilization. These processes were discussed in Section 5.2.4 of the main
text of this report.

Advection is a process by which dissolved contaminants are transported by the bulk motion
of the flowing groundwater. Advective contaminant transport occurs in response to
groundwater flow, with dissolved contaminants moving in the same direction as the
groundwater. Reactive contaminants (i.e., those that interact with the aquifer materials)
usually move at rates slower (i.e., are retarded)-than the average linear groundwater velocity.
Non-reactive dissolved contaminants are carried at an.average rate approximately equal to the

average linear velocity of the groundwater flow.

Retardation is a process by which dissolved contaminants in groundwater move slower than
the groundwater flow rate. This occurs due to interactions between the contaminant and the
aquifer materials. The priniary process influencing retardation is adsorption. As indicated
in Section 5.2.4, the adsorption for vinyl chloride is insignificant. Therefore, retardation is
not considered in this modeling study.

Volatilization ‘of groundwater contamination occurs as dissolved organic compounds in
groundwater vaporize into soil gas and migrate through the vadose zone to the atmosphere
or collect in" man-made structures such as basements of buildings. The rate at which

volatilization. occurs is proportional to the chemical specific Henry's Law constant.

The transport processes of vinyl chloride in groundwater in the Valley Fill Alluvium of the
South Walnut Creek drainage were assumed to be dominated by advection and volatilization.
As vinyl chloride is transported advectively downgradient from the source area (herein
assuming Well 3586), volatilization reduces the mass of chemical in groundwater. As a
result, the vinyl chloride concentration in groundwater gradually decreases downgradient from

the source area (Figure G-1).
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The transport of vinyl chloride from the upgradient location (Well 3586) to the downgradient
location (Well 3686) can then be described by an analytical model (Section 3.0).

Note that as vinyl chloride moves in the aquifer, it undergoes diffusion and dispersion, ..,
spreading of the contaminant mass due to velocity variations. Dispersion further reduces the
concentrations. Thus, a model that neglects dispersion would generally overestimate the
concentration and hence would be conservative. Similarly neglecting bio-degradation is also

a commonly used conservative assumption.
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3.0
SOLUTE TRANSPORT EQUATION DEVELOPMENT

Assumptions
The following assumptions were made in the development.of the advection and volatilization
transport equation applied to vinyl chloride migration in the shallow groundwater system of

the South Walnut Creek drainage:

J Saturated groundwater flow in the Valley Fill Alluvium is one-dimensional,

uniform, and steady.
. Solute transport occurs under Steady-state conditions.

. Only advection and volatilization are considered. Dispersion, adsorption, and

degradation are 1gnored.”

. Vinyl chloride source concentration in groundwater at the upgradient well
location (Well.3586) is considered steady.

Solute Transport Equations
The one-dimensional.solute transport equation considering advection and volatilization can

be derived from-a mass balance analysis for the chemical of concern on a small element of

the saturated zone along the flow pathway, as shown in Figure G-2;

Mass In - Mass Out - Mass Volatilized = Change of Mass 1)

where

Mass in = rate of mass inflow from the upgradient face ABCD (Figure G-2)

estimated as:
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Mass in = h-ay-q-C )
where
h = saturated thickness of aquifer
Ay = width of the saturated element
q = Darcy's groundwater velocity
C = contaminant concentration in groundwater
Mass Out = rate of mass outflow from the downgradient face EFGH:
Mass Out = h-ay-q-C + Sfh-ay-q-Clax
B g0 3)
="h-ay-q'C + h-axay-q-—
Y:q Y-q I
where
Ax = length of the saturated element
Mass Volatilized = rate of mass outflow from face BCFG by volatilization:
Mass Volatilized = E = (axay)€ 4)
where

€ = emission rate per unit area;

Change of Mass = rate of mass change within the saturated element:
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M _ axay *h - Gg—g
dt dt
where
6 = effective porosity of porous medium

Substituting Equations (2), (3), (4), and (5) into Eq. (1) yields,

hayqC - [hayqC + hqu%g ax| - E = AXA}"h’e%?-

ie.,

~1q9 - E _pe

dx . axay-.. _ dt

Assuming steady state solute-transport, dC/dt = 0 and

g_g= 1v“E €

dx  hqsxay hq

5)

(6)

7

®)

which is the transport equation for vinyl chloride with the following upgradient boundary

condition:

Ckx=0) = C,
where C, = source area .concentration of chemical in groundwater.

Volatilization Emission Rate

®

Under steady state conditions, the emission rate from the water table can be estimated by

Fick's first law (Freeze and Cherry 1979).
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E = (mmy)%(cwtv - C) (10)

where

Coe = the vapor phase concentration at the water table

C. = the vapor phase concentration at the ground surface

D = effective diffusion coefficient in porous medium, D = D,P,)*’
D, = diffusion coefficient of contaminant i in air, (cm*/s)

P, = effective air-filled soil porosity (dimensionless)

Generally C, is much less than C,,, and can be neglected. Thus, the emission rate 1is,

wiv

E - Ax Ay—g— C.., 1)

Also,
thv = CHl' (12)
where

H;' is the dimensionless form of the Henry's Law Constant determined as follows (Lyman et
at. 1990):
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where

H, = Henry's Law Constant of contaminant i, (atm-m*/mol)
R = Gas constant, (8.2 x 10 atm-m*/mol-°K)
T = Absolute temperature, (°K)

Substituting Eq. (12) in Eq. (11)

E - AxAy%CH{ | ‘ (13)
Then, emission rate per unit area is
e=2 cn/ | (14)
. d v
Substitution Eq. (14) in Eq.-(8).
€ D o/ (15)
dx hqd

Solution of Transport Equation

Integrationbf Eq. (15) with the upgradient boundary condition, Eq. (9), yields

DH,
C =C cxp[~f——'x} (16)

Equation (16) indicates that contaminant concentration in groundwater along a flow pathway
under steady state flow and transport conditions depends on the ratio of the upward emission
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rate in the vadose zone versus the horizontal advection rate in the saturated zone. The
contaminant concentration in groundwater varies as an exponential function of distance, as
illustrated in Figure G-1. If volatilization is negligible, contaminant concentration in

groundwater along the flow pathway is approximately constant.
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4.0

APPLICATION OF ADVECTION AND VOLATILIZATION TRANSPORT
EQUATION TO VINYL CHLORIDE TRANSPORT IN GROUNDWATER SYSTEM
' IN SOUTH WALNUT CREEK DRAINAGE

Parameter Assumption

The one-dimensional transport model for advection and volatilization (Eq. 16) was applied
to evaluate the transport of vinyl chloride in the groundwater system within the South Walnut

Creek drainage using the following parameters:

1. Henry's Law Constant, H, = 2.78; 1.22,70.022 atm-m’/mol (Montgomery & Welkom,
1989). ‘

2. Effective Air-filled soil porosity in-the vadose zone, P, = 0.03.

3. Hydraulic conductivity in Valley Fill Alluvium of the South Walnut Creek

groundwater system, K = 1.4 x 10 ¢m/s (Section 3.6).

4, Approximate average hydraulic gradient in South Walnut Creek groundwater system,
dh/dx = 0.035 (feet/foot) (Section.3.6).

5.  Darcy groundwater velocity,

q = |—K%}l| =49 x 10% cm/s

X
6. Diffusion coefficient of vinyl chloride in air, D, = 0.10 cm?/sec at 10°C (EPA 1988).
7. Average deéfh orf vadose zone, d = 6 feet (183 cm).
8. Average saturated thickness of aquifer, h = 3 ft (91 cm).
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9. Approximate distance between Wells 3586 and 3686 = 600 feet (18,288 cm).

Results and Sensitivity Analysis

Equation (16) was used to estimate the potential vinyl chloride concentration in groundwater
at Well 3686 based on the assumed parameters. Results of the estimation are displayed in
Table G-1. Results show that under assumed conditions, estimated vinyl chloride
concentrations are either zero or extremely low at Well 3686, This is consistent with
measured vinyl chloride concentrations at Well 3686. Results also indicate that estimated
vinyl chloride concentrations are highly dependent on the assumed parameter values. Since
site-specific data were not available for certain parameters such as the Henry's Law Constant,
and some parameters (e.g., effective air-filled porosity, saturated thickness) vary when the

flow conditions vary, sensitivity analyses were performed.

Sensitivity analysis results are presented in Table G-1.. Simulation 1 is the baseline
estimation based on parameter values given-above. Sensitivity analyses were applied on four
parameters: (1) Henry's Law Constant (simulations 2 and 3); (2) effective air-filled soil
porosity (simulation 4); (3) depth of the vadose zone and saturated thickness (simulation 5);
and (4) Darcy's velocity (simulation 6). Variations of parameters were within the range of
values based on site-specific conditions and literature information.

For convenience in -evaluating the sensitivity analysis, estimates of dimensionless
concentrations at a distance of 10 feet away from Well 3586 are listed in the last column in
Table G-1. Comparisons of results indicate that groundwater concentration of vinyl chloride

could be potentially increased under the following conditions:

. Effective air-filled porosity is significantly reduced, during or immediately
after precipitation.

J Groundwater velocity is much’ greater than the average velocity estimated in
Section 3.6.

J The Henry's Law Constant is at the lower end of the range referenced in the
literature.
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o Depth of vadose zone and saturated thickness are approximately equal.

Under all modeled conditions, the estimated groundwater concentrations of vinyl chloride are

extremely low, even at a distance of 10 feet away from the source location (Well 3586).

Simulation 7 provides the result under a combination of worst conditions, using the low
Henry's Law Constant value, small effective air-filled soil porosity, large groundwater flow
velocity, and equal saturated thickness and depth of vadose zone. The estimated
concentrations at Well 3686 are still relatively low, about 2 percent of the source

concentration.

The primary reasons for vinyl chloride not migrating at significant concentrations in the

Valley Fill Alluvium are believed to be:
. The high volatilization potential of vinyl chloride.

. The shallowness of the vadose zone and the thin saturated thickness of Valley
Fill Alluvium.

J The low hydraulic conductivity of the Valley Fill material.
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5.0
CONCLUSIONS

A one-dimensional analytical solute transport model considering advection and volatilization
was developed to evaluate the movement of vinyl chloride in the shallow groundwater system
(Valley Fill Alluvium) within the South Walnut Creek drainage. The development of this
one-dimensional analytical model was based on conservative assumptions, ignoring dispersion,
retardation, and biodegradation. Application of the model with the assumed parameters
indicates that volatilization of vinyl chloride through the vadose zone along thé groundwater
flow pathway depletes the chemical before it arrives at the downgradient location (Well
3686). The modeling result, which is consistent with observations, suggests that vinyl
chloride present in the Valley Fill Alluvium near Well 3586 is not migrating at significant
concentrations as far as the inlet area of Pond B-1, and is not expected to affect areas further

downgradient under normal conditions.
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H1.0
INTRODUCTION

H1.1 RFETS AND OU6 SURFACE WATER HYDROLOGY

The RFETS hydrologic drainage system includes three major intermittent streams: Woman
Creek, Walnut Creek, and Rock Creek as shown in Plate 5.5-1 (Plate, Figure, Table, and
Section numbers that do not include an "H" are in the body of this report rather than
Appendix H.) The general flow pattern is from west to east. Because of the regional
topography, these drainages extend westward only a short distance. The western reaches of
these basins are characterized by a broad alluvial fan with a general slope of 2.5%, while the
east side of the plant site contains steep drainage swales with slopes up to 5.5% (EG&G,
1992a). The majority of soils at RFETS have high infiltration rates and uniform vegetative

cover.

The 20 Individual Hazardous Substance Sites (IHSSs) that comprise Operable Unit No. 6
‘(OU6) are also shown in Plate 5.5-1 and lie within the Walnut Creek drainage area. The
predominant features of this drainage include the Industrial Area, the A-series and B-series
ponds, and several tributaries to Walnut Creek. These tributaries are the McKay Bypass
Canal which becomes the McKay Ditch; the unnamed tributary (sometimes called No Name
Gulch) east of the Landfill Pond, South Walnut Creek, and the Central Avenue Drainage
Ditch. The Landfill Pond and the Solar Ponds are designed such that they do not release into
the Walnut Creek drainage system.

Besides the A-series and B-éeries ponds and the ditches used to convey storm water, other
man-made features influence the surface water hydrology of OU6. Effluent from the
wastewater treatment plant (WWTP) flows into Pond B-3 and accounts for much of the water
in Ponds B-3, B-4,and B-5 (B-3 and B-4 are flow-through ponds). Furthermore, water is
transferred from Pond B-5 to Pond A-4; thus, much of the water in Pond A-4 1s WWTP
effluent. The other major source of water in the ponds is runoff from the Industrial Area
which is relatively high because of the large percentage of impervious area (roads, roofs,

parking lots). Some of the buildings of the Industrial |Area also have foundation drains which
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contribute baseflow to the ponds, especially during the spring months. Both sump and pump

systems and gravitational drainage are employed at RFETS.

A more detailed discussion of OU6 hydrology is provided in Section 5.0 of the main body
of this report.

H1.2 SELECTION OF MODELED CONTAMINANTS

To support the OU6 risk assessment, only sources within OU6 were used to estimate
contaminant loads to the Walnut Creek drainage system. OU6 contaminant sources to the
drainage system are surface soils and stream/pond sediments within the OU6 IHSSs.
Groundwater loads were not considered a significant source and were not included in the
model because the extent and degree of-groundwater contamination in OU6 is minimal
(Section 4.6).

Fate and transport of VOCs observed in pond water samples were not modeled because their
concentrations are low enough (ranging from2 ug/L for chloroform to 140 pg/L for acetone)
that fate and transport processes, ‘such’ as volatilization, would likely render these
concentrations negligiBle over.a 30-year. time frame (the time frame for the health risk
assessment). In lieu of using model predictions, measured concentrations were used in the

human health risk assessment (Appendix.J).

Six COCs were identified in surface soil: antimony, silver, vanadium, zinc, Pu-239/240, and
Am-241. The metals are noncarcinogens and the radionuclides are carcinogens. Of these,
the three COCs that would contribute most to health risk were selected for modeling, namely
antimony, Pu-239/240, andlAm-24l. Antimony was selected as the "worst-case” metal to

model, for the following reasons:

. Antimony is the most toxic of the metals detected in surface soil and
contributed 80 percent of the total risk factor in the concentration/toxicity

screen for selecting noncarcinogenic chemicals of concern in surface soil
(Table J3-4).
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d Concentrations of the other less toxic metal COCs are not high enough to
outweigh the potential effects of antimony. For example, silver is the second
most toxic of the metal COCs (Table J7-1), but silver concentrations must be
approximately ten times greater than antimony concentrations for the toxicities
to be equal. However, observed concentrations-of antimony and silver were

of equal magnitudes.

. The contribution of metals to overall risk will -be relatively minor compared
to that from radionuclides. Therefore, a single representative metal is adequate
to demonstrate inipacts on surface water and sediment from metal COCs in
surface soil. If estimated antimony concentrations in surface water and
sediment resulting from transport in-storm runoff are shown to be of no
concern for risk assessment, other metal COCs in surface soil will also be of

no concern.

A total of 14 COCs were identified in pond sediment and stream sediment. These included
six SVOCs (including PAHs and Aroclor-1254) and the same four metals and two
radionuclides identified as COCs in surface soil. In addition, cobalt and strontium were
identified at concentrations-above background levels in stream sediment. However, only
antimony, Am-241, and'Pu-239/240 were included in the HSPF model, because these three
contaminants are COCs in surface soils-and thus there is a source (external to the creeks and
ponds) which can possibly increase concentrations of antimony, Am-241, and Pu-239/240 in
the ponds. The other COCs identified in pond sediment and stream sediment were not
modeled because they-are not COCs in surface soils and thus there is not a significant
external source of loading to the creeks and ponds. For these other COCs, measured
concentrations, rather than Vmodeled concentrations, were used in risk assessment. Using
measured. concentrations to predict future concentrations of organic COCs, cobalt, and
strontium is conservative because without a source current concentrations of these
contaminants are not expected to increase. Additionally, a screening-level evaluation of
migration of pond sediment showed that contaminants are not likely to migrate out of the

series of detention ponds to Indiana Street (Attachment A in Appendix H).
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H1.3 LOADING OF SELECTED CONTAMINANTS TO WALNUT CREEK

Transport processes that potentially affect the movement of chemicals via surface water
include overland flow during precipitation/runoff events, flow from groundwater seeps, and
advective transport and sediment transport in drainage channels and ponds. Fate mechanisms
include adsorption/desorption partitioning between dissolved and adsorbed phases, settling and
resuspension of particulate material, volatilization of dissolved VOCs from the water column,
and radioactive decay of radionuclides. These fate and transport processes (in particular, the
processes that affect contaminant migration within the creeks and ponds) are discussed in
more detail in Section 5.1.3. This current section describes the conditions under which the
three selected contaminants (antimony, Pu-239/240, and Am-241) are transported to Walnut

Creek and its tributaries.

The three selected contaminants are highly associated with soils, and the loading of these
contaminants to Walnut Creek primarily depends upon ‘the washoff of soils rather than
transport with groundwater seeps. Washoff -of soils and associated contaminants occurs

during and immediately after precipitation when runoff flows over pervious and impervious

‘land segments. This fact can be illustrated by comparing water quality data for baseflow

conditions with water quality-data collected during a precipitation/runoff event. In 1993, W-C
sampled baseflow at several Tocations along Walnut Creek and its tributaries. In May 1993,
many of these same locations were sampled during a runoff event (baseflow and storm sample
locations are shown.on Plate H1-1). As'shown in Table H1-1, concentrations of TSS and the
two radionuclides are generally one to two orders of magnitude higher during storm runoff
than during baseflow conditions. “Antimony could not be used for this comparison because
all of the samples - baseflow and storm event data - were measured at concentrations below

the detection limit.

The 1993 data also indicate that runoff at locations downstream of impervious areas at -

RFETS carries more soil and contamination than runoff from pervious areas. This is likely

due to the higher flow volumes from impervious areas which have greater energy to mobilize

contaminated sediment, and, at locations where pervious areas or unpaved channels are
downstream of impervious areas, this higher flow volume can possibly erode contaminated
soils. In Table H1-1, the highest concentrations of TSS, Pu-239/240, and Am-241 are found

in runoff at locations downstream of the relatively impervious Industrial Area. The highest
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concentrations in this data set were found in runoff at location SW69093; these values are
generally two orders of magnitude greater than concentrations at other locations. This
location receives runoff from the northeast part of the Industrial Area which flows through
a steep ditch immediately upstream of the sampling location. The next highest concentrations
for both radionuclides are in samples collected at SW68893 which is downstream of the

southern part of the Industrial Area.
H1.4 OBJECTIVES AND METHODOLOGY OF SURFACE WATER MODELING
The objectives of the OU6 surface water modeling were:

. For use in the human health risk assessment (HHRA), simulate contaminant
fate and transport from the primary source areas in QU6 to Walnut Creek, and
estimate long-term average concentrations of contaminants in sediment and
surface water in the creek and the detention ponds. If new data (for example,
new contaminant concentration data for the pond sediments) become available,
these data can be used with the model to update the HHRA.

] Provide a modeling tool to meet objectives other than the baseline HHRA,
such as providing stream sediment information for ecological assessments,
modeling contaminant loads from outside OU6 (such as from groundwater
seepage from ‘OU2), supporting evaluation of future use scenarios at Rocky

Flats, and performing remediation/feasibility studies.

In support of the HHRA, the model was used to estimate 30-year mean concentrations of
Plutonium-239/240, Americium-241, and antimony in the following media and locations:

. Accumulated pond sediment in each pond

J Pond water in each pond

The 30-year period was selected to correspond to the reasonable maximum residential
exposure duration evaluated in the health risk assessment. The model was used to generate
30 simulations of 30-year average concentrations. Reasonable maximum 30-year exposure
concentrations were defined as the 95 percent upper confidence limits (95% UCLs) on the
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frequency distributions of the means of the 30 model results. Modeled concentrations in pond
surface water and sediment were used to represent exposure concentrations for onsite

receptors.

Assessing the fate and transport of the three contaminants requires an analysis of the surface
water hydrology, sediment transport and water quality fate and transport processes. A
preliminary evaluation of the migration of pond sediment under extreme conditions was
conducted by W-C (Attachment A), and it showed that there is little likelihood of pond
sediment migrating out of the OU6 drainage system through surface water transport.
However, a comprehensive understanding of the migration of the contaminants from the
source areas to the receptors can only be gained by a comprehensive mathematical model that
is capable of simulating the movement of water, sediment and associated constituents over
and under the land surface, and through creeks, ditches and ponds. This model will be used
not only to validate the conclusions in the preliminary evaluation of pond sediment migration
but also to provide valuable information to risk assessment and other analyses. The model
will first be calibrated under the current flow conditions and then be used to predict the long-

term average concentrations of selected chemicals as required for the HHRA.
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H2.0
HYDROLOGICAL SIMULATION PROGRAM - FORTRAN (HSPF)

Hydrological Simulation Program - FORTRAN (HSPF) was selected as the modeling tool for
the OU6 surface water flow and transport study. This section briefly describes the structure,

capability, and modeling procedures of this model.
H2.1 SELECTION OF HSPF

Version 10 of HSPF (Bicknell, et al., 1993) was selected for the OU6 surface water flow and
transport modeling study because:

. It is a comprehensive mathematical model which can simulate the movement
of water, sediment, and water quality constituents over and under pervious and

impervious land segments and through streams, lakes, and reservoirs.

. It was developed by the U.S.-Environmental Protection Agency (EPA) and has

been tested extensively for the last 20 years.

. It is documented by ‘a comprehensive users' manual published by the EPA
(Bicknell; et al.,-1993), and technical support is available from Aquaterra
Consultants of Mountain View, California and Hydrocomp Inc. of Redwood
City, California (Hydrocomp). Scientists at Agquaterra Consultants and
Hydrocomp developed several earlier models which were used later in HSPF,

and they have extensive experience in the application of HSPF.

| H2.2 SUM’MARY OF HSPF

H2.2.1 Origin of HSPF

HSPF is a hydrologic modeling package developed by the University of the Pacific under a
contract with the Environmental Research Laboratory of the EPA starting in the late 1970s.

The program was based on the following predecessor models:
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. The Stanford Watershed Model (SWM), developed at Stanford University
(Crawford and Linsley, 1966). It is used to simulate the hydrologic behavior

of an entire watershed.

J The Agricultural Runoff Management (ARM) Model, developed by
Hydrocomp for the U.S. EPA (Donigian, et al., 1977). It is used to simulate
the hydrology, sediment yield, and nutrient and pesticide behavior of the land
phase of the hydrological cycle. It is also used to.simulate the washoff of

miscellaneous pollutants from land surfaces.

J The HSP Quality Model, developed by Hydrocomp (Hydrocomp Inc., 1977).

It is used to simulate the water quality processes in streams and lakes.

. The SERATRA Model, developed by Battelle Northwest Laboratories (Onishi -
and Wise, 1979). It is used to simulate the behavior of sediment and

associated constituents in streams.
H2.2.2 Structure of HSPF

HSPF divides the watershed into several distinct computational elements or Processing Units
(PUs): pervious land segments, impervious land segments, and free-flowing stream reaches
and reservoirs (Figure H2-1). Eachelement is assigned meteorological, physical, and
hydrologic properties. For each element, the hydrologic response is first simulated. Then
water temperature, sediment transport, and chemical behavior are modeled based on the flow
calculations. The user specifies how the various PUs are connected, forming the "network"
of water, constituent, and information flow (Figure H2-1). The simulation of the entire
watershed progresses from the most upstream element to the most downstream element, each
operating as an independent unit. In other words, the model is kinematic such that an

upstream element would not be affected by any change made to a downstream element.
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HSPF has two classes of Operating Modules:

§)) Application Modules. These simulate the behavior of processes which occur
in the land or stream elements. There are three Application Modules in HSPF
(Figure H2-2).

2) Utility Modules. These perform "housekeeping" operations on time series
(e.g,. multiply a concentration time series by a flow time series to get a load
time series). There are six Utility Modules in HSPF (Figure H2-2).

Figures H2-3 to H2-5 illustrate the structure charts, which show the processes modeled for
the pervious land segment module, the. impervious land segment module, and the

reach/reservoir module, respectively.

Figure H2-6 presents a conceptual model for sediment ‘transport through pervious land
segments (or impervious land segments) to reach/reservoir segments. Soil erosion from land
segments is simulated by empirical exponential functions of surface runoff from the segments.
In the reach/reservoir segments, sediment trémsport can be simulated by the Colby method,
the Toffaleti method, or a user. defined method. The user must define the "network" for

sediment migrating from land segments to reach/reservoir segments.

Figure H2-7 presents a‘conceptual model for sediment-associated chemical transport from
pervious (or impervious) land segments to reach/reservoir segments. In the OU6 model,
chemical transport from-a land segment is simulated by a simple linear relationship with the
soil eroded from the segment. The fate and transport of a chemical entering or previously
stored in a reach/reservoir éegment are simulated by processes including advection, decay,
deposition/scour, and adsorption/desorption. Processes associated with the dissolved phase
of the three modeled contaminants (e.g., hydrolysis, oxidation, volatilization) were not
included in the model because they were not considered to be important for radionuclides and
antimony which are strongly sorbed to solids. Other water quality processes can be simulated
in HSPF (e.g., biological oxygen demand, nitrification), but were not implemented as they
are not relevant to the OU6 HHRA.
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H2.2.3 HSPF Input Requirements
HSPF requires several types of input data:

. Meteorological data: precipitation, air temperature, dew point temperature,
solar radiation, wind speed, potential evaporation, lake evaporation, and cloud

cover,

. Hydrologic and hydraulic information such as groundwater seepage; footer
drainage; releases from ponds, teservoirs, and tanks;- volume-elevation
functions and discharge-elevation functions for reach/reservoirs; infiltration

rates; groundwater recession rate; Manning's friction coefficient; etc.;

. Physical properties for each segment, including geometric properties (such as

area, slope, and length), retention capacities, soil properties, land use, etc.;

. Initial chemical concentrations on-the soils within land segments and the .

sediments within reach/reservoir segments;

For time-varying inputs, the HSPF user defines the time step of each input data set depending
on the available data as well as the needs-of the particular application. Users must provide
"network" information to_connect land segments and reach/reservoir segments in order to
simulate the hydrologic and transport connection among the elements of the entire watershed.
If network informﬁt}i’on is not provided, each segment in HSPF model will operate as a single

computationxal el’ément*independem of the other elements.
H2.24 ‘HSPF Outputs
HSPF produces several classes of output:

. Continuous time series. These data are either passed as input to operations
further "downstream" in the network or they are recorded on disk in the Time

Series Store, or both. ‘
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H2.2.5

Run Interpreter output. This is produced as the User's Control Input is.
scanned and checked and defaults are supplied. It includes an echo of the
input, default values supplied by HSPF, and any warnings generated during the

run.

Regular printed summaries. When the simulation time loop begins, data are
accumulated for display at an interval specified by the user. The frequency
of this output can be varied from once per time step (say 1 hour) to once per
year. Regardless of the reporting period, the format of the report is the same.
First, the values of all significant state variables (e.g. storage Volumes) at the
end of the reporting period are given. Then, the fluxes (e.g. flows),
accumulated since the preceding report, are summarized. The user can specify
whether printout is to be given in English or Metric Units (regardless of the

units used for input) or in both systems.

Special summaries. By using the DISPLAY module, the user may select any
time series for special display. ‘For example, he/she may wish to print out the
daily average concentration of Total Suspended Solids (TSS) in a reach. In
this case, the values (simulated or observed) would automatically be averaged
over each day and a year's worth of daily values would appear in a neatly

formatted table (suitable for direct inclusion in a report).

Statistical analysis. Time series can be analyzed for statistical information
using the DURANL module.

Modeling Stéps

A successful model requires a thorough understanding of modeling objectives and a well-

designed modeling procedure. An HSPF application generally involves the following steps:

Delineating the watershed and waterbodies into elements. Each element

represents a land segment or a reach/reservoir segment.
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Collecting time series of meteorological data, including precipitation, air
temperature, dew point temperature, solar radiation, wind speed, potential
evaporation, lake evaporation, and cloud cover. These time series are then
used to construct the Watershed Data Management (WDM) files for the model.

Collecting time series of hydrologic data, such as groundwater inputs, footer

drainage, releases from reservoirs, etc.

Collecting physical properties for each segment, including geometric

properties (such as slope and length), soil properties, land-use, etc.

Collecting initial chemical concentrations on sediment of both land segments

and reach/reservoir segments.

Collecting information for model calibration, including flow, sediment, and
water quality data at gaging _stations, and sedimentation rates in
reach/reservoirs. A :

Check and (if-necessary) modify the input data.

Transferring the information.to HSPF input files.

Running the model.

Calibfating the model by adjusting input parameters so that model outputs
reasonably match observed data.

‘Using_ the calibrated model to simulate future hydrologic and contaminant

transport responses of the system.
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H3.0
APPLICATION OF HSPF TO THE OU6 SURFACE WATER MODEL

H3.1 REPRESENTATION OF THE OU6 WATERSHED

The OU6 HSPF model domain covers all of the RFETS area that drains to Walnut Creek at
Indiana Street, including most of the Industrial Area, the A-series and B-series detention
ponds, and the undeveloped land segments that drain-to Walnut Creek and its tributaries
upstream of Indiana Street. The modeled land segments extend to the west as far as the
South Boulder Diversion Canal. It is assumed that runoff from areas west of this canal
(which are only about 5% of the entire watershed area) do not reach the Walnut Creek
system. All of the OU6 THSSs are included in this drainage area.

The entire OU6 model domain was divided into the following 52 computational elements
(Plate 5.5-2):

. 21 pervious land segments,

. 4 impervious-land segments,

. 9 reservoir segments, each reservoir representing a detention pond along
Walnut Creek, and

. 18 stream reaches.

In HSPF terminology, both stream reaches and ponds are refereed to as RCHRESs (Reach
Reservoirs), thus there are 27 elements labeled with an "R" in Plate 5.5-2. The pervious land
elements’ are labeled with a "P" and the impervious land elements are labeled with an "I."
The land segments were delineated to be consistent with the Storm Water Management Model
(SWMM) elements of the "Rocky Flats Plant Drainage and Flood Control Master Plan"
(EG&G, 1992a). The smaller drainage areas to each of the ponds were selected to be
consistent with areas in the "Event-Related Surface-Water Monitoring Report, Rocky Flats
Plant: Water Years 1991 and 1992" (EG&G, 1993). These elements were delineated using

topographic contours and information on soil characteristics such as infiltration rates.
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The connections between HSPF elements are shown in Figure H3-1. The arrows indicate
flow directions. As discussed previously, the model is kinematic in the sense that
downstream elements have no influence on upstream elements. In this OU6 network, no land
segments are downstream of reaches; spills from ponds go straight into the creeks below the
dams. The gaging stations shown in the figure are not actually-elements in the hydrologic
model but are shown to illustrate calibration points. For example, flows through GS10 are
illustrated as the surface water outflows (i.e., outflows other than infiltration) from Reach 19.

The number of model elements was appropriate for the amount. of data available for
calibration and consistent with the objectives of the current modeling“study. The Industrial
Area, for example, was only divided into three pervious segments (P7, P8, and P14) and four
impervious segments (I1, 12, I3, and 14) becausé there.are no gaging data to measure runoff
from smaller segments. For future studies, additional computational segments could be added
to the existing HSPF model.

The majority of the north side of the Industrial-Area (P7 and 12) drains to gaging station 13
(GS13) in Walnut Creek; a small sectior;"of the north‘ side of the Industrial Area (P8 and I3)
drains to Walnut Creek downstream of GS13. The majority of the south side of the Industrial
Area (P14 and I4) drains to GS10 in South Walnut Creek. The rest of the modeled Industrial
Area (the solar ponds are not included in the system) is impervious segment I1 which drains

to the McKay Bypass Canal.

Nine ponds were included in the HSPF model - the four A-series ponds and the five B-series
ponds. The small flow-through pond on Walnut Creek near Indiana Street (known as the
W&I Pond) upstream of where Walnut Creek leaves the RFETS eastern boundary was not
modeled because of its low storage capacity and the lack of volume data for this pond.
Available flow data indicate that this pond has little impact on daily average flows through
the downstream gaging station, GS03. For example, the flow data show that the W&I Pond
does not attenuate flows between Pond A-4 and the gauging station GS03. The W&I pond
is an element that could be added in future modeling efforts.
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H3.2 METEOROLOGICAL DATA AND OTHER HYDROLOGIC INPUTS

The HSPF model requires the input of time series data for seven meteorological parameters:
precipitation, air temperature, dew point temperature, wind speed, solar radiation, lake
evaporation, and potential evapotranspiration. For the long-term -model simulations used to
predict long-term average concentrations of selected COCs, thesé meteorological data were
simulated using the CLIGEN program discussed in Section H5-2 of this appendix. For the

calibration of the model, however, actual meteorological data are required.

For much of the calibration period (April 1986 to August 1993), hourly meteorological data
were available from RFETS for precipitation, air temperature, dew point temperature, wind
speed, and solar radiation at Rocky Flats. However, there were significant gaps in these data
(mostly prior to 1989) that had to be filled prior to input to the OU6 model. For small gaps
in the data sets (two hours or less), linear interpolation was performed using the surrounding
data. To fill longer gaps in the air temperature, dew point temperature, wind speed, and solar
radiation data sets, monthly averages (based on the available record) and observed diurnal
variations were employed. |

To fill in precipitation gaps greater than two hours, data from other meteorological stations
were considered. In the general proximity of Rocky Flats, the two meteorological stations
with extensive records of precipitation data are at Stapleton Airport (approximately 25 miles
from Rocky Flats) and at the Fort Collins Airport (approximately 60 miles from Rocky Flats).
Based on a conversation with Dr. Neil Doeskin of the Colorado Climate Center in Fort
Collins, it was decided to use the Fort Collins data to fill in the precipitation gaps. Even
though Stapleton Airportis closer to Rocky Flats, Fort Collins and Rocky Flats have the same
relative ‘proximity to the foothills of the Colorado Front Range making the Fort Collins
climate more similar to the Rocky Flats climate. Using data from the Fort Collins station to
fill in data gaps for the RFETS created some uncertainty in the input data for the OU6 model.
However, it was believed that this uncertaihty was insignificant because the yearly
precipitation and rainfall patterns at Fort Collins and RFETS are very similar (Dr. Neil

Doeskin, personal communication, 1994).

Pond evaporation and potential evapotranspiration from pervious land segments were

calculated by using empirical equations based on actual precipitation, solar radiation, air
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temperature, and wind speed. Pond evaporation was calculated using an equation developed
by Lamoreux (1962) that was calibrated to the Rocky Flats area in an unpublished EG&G
study of the Great Western Reservoir. Potential evapotranspiration was calculated with a
computer program developed by Advanced Sciences Inc. that uses the Penman FAO-24
Equation (Doorenbos and Pruitt, 1975).

For the nine ponds that were simulated, inputs to the HSPF ‘model include tables relating
pond depth to surface area, pond volume, and spillway outflows. Depth/area and
depth/volume relationships were estimated based onthe 1992 pond survey (Merrick and
Company, 1992). Spillway flows as a function of pond depth were calculated using a
commonly accepted weir equation (Linsley et al., 1992). For this model, it was assumed that
infiltration through the pond bottoms and seepage under the toes of the dams were negligible

for the following reasons:

J The dams were constructed from impermeable materials and some of them

were keyed to bedrock.
. The terminal ponds are clay lined.

. Unpublished water budget studies of the ponds (conducted by hydrologists at
EG&G and Woodward-Clyde for this report) have indicated minimal seepage
under the dams as well as 'minimal infiltration from the ponds.

For the stream reéc\_h'es in_the mddel, depth/area and depth/volume relationships are required
for HSPF to perform hydraulic routing through the creeks and ditches. These relationships
were estimated from stream cross section measurements at RFETS. Potential infiltration rates
must be supplied by the user for the HSPF model to account for losses from creeks and
ditches due to. infiltration. These rates were estimated outside of HSPF using a Soil
Conservation Service survey (Price and Amen, 1980) and input. to the OU6 model. Due to
the semi-arid climate at RFETS (evapotranspiration can be as high as 90 percent of
precipitation according to Dr. Neil Doeskin, personal communication, 1994), infiltration losses
from the creeks and ditches are assumed to evapotranspire and sub-surface flow between
creek reaches is considered insignificant. Thus, infiltration losses from the creeks and ditches

are lost from the surface water system.
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Based on local hydrogeologic information, it was determined that inflow of groundwater from
areas outside of the Walnut Creek surface water system (as indicated on Plate 5.5-1) is
minimal, and thus no such inflows were included in the OU6 model. The hydrogeologic
information does indicate, however, that local groundwater (originating as precipitation on the
Walnut Creek watershed) contributes to flows in the creeks and ditches. This flow was
included in the OU6 model as was interflow (flow in the unsaturated zone that resurfaces as
overland flow). Groundwater flow and interflow that originate from precipitation on pervious
land segments are integral parts of the HSPF. Groundwater flow and interflow were allowed
to enter the creeks (during and after precipitation events). The model simulates losses from

the creeks as evapotranspiration.

Other hydrologic inputs to the QU6 model are effluent from the wastewater treatment plant
(WWTP) and drainage from building foundation drains (shown in Plate 5.5-2). Daily records
of WWTP flows into Pond B-3 were obtained for January 1992 through July 1994. No
variation was observed among the years of WWTP flow data, nor were any monthly trends
observed. Thus, the 31 months of daily WWTP data were repeated to generate the seven
years of WWTP data needed for calibration and input into the OU6 model.

Baseflow between 0.01 and 0.1 cfs was recorded at GS10 and GS13. Based on discussions
with EG&G hydrologists, the most likely source of these flows is building foundation drains.
These drains are of two types: (1) asystem of trenches and perforated pipes which slope
away from the building and use gravity ‘to-drain water to a storm sewer or outfall at a lower
elevation; (2) a sump and pump system in which water is pumped to a storm sewer or other
discharge location. Foundation drains at RFETS are described in more detail in "A
Description of Rocky Flats Foundation Drains" (EG&G, 1992b). Time series data based on
1991 through 1993 gaging records were input to the model to simulate these flows and their
seasonal variation. Because of the limited amount of gaging data, no variation among years
was simulated. Footer drainage in March, April, and May was the same no matter how wet
or dry the previous winter was (0.09 c¢fs). Similarly, footer drainage was consistent from year

to year for other seasons: 0.03 cfs in winter and fall and 0.05 cfs in summer.
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H3.3 EXTERNAL MODULE TO THE HSPF MODEL: POND OPERATION
SIMULATION

The water in the A-series and B-series ponds is regulated for the following three purposes:

. To ensure the water quality in Walnut Creek as it leaves RFETS. Prior to
releases from the terminal pond, Pond A-4, water quality is monitored, and,
if necessary, a granulated activated carbon treatment system is used.

. To ensure that each pond is kept sufficiently full to keep pond sediments moist

and to protect contaminant sediments from wind erosion.

. To protect the structural integrity,of the dams for Ponds A-4 and B-5 by

keeping the water elevation below certain levels.

Thus, the timing of releases from Pond A-4, Pond A-3, and Pond B-5 depends upon the water
quality monitoring schedule and monitéring resultsiin Pond A-4, the minimum capacity
requirement for each pond, and the maximum' volume requirement for some of the ponds.
The operations of these ponds-are an important aspect of the Walnut Creek hydrologic system
at RFETS, and any model of the QU6 hydrology must incorporate these operations.

As previously discussed, Ponds‘A-1, A-2;'B-1, and B-2 are reserved for flood control and
spill control, and water from"these ponds seldom enters the Walnut Creek surface water
system (rare exceptions cduld oceur during very extreme runoff events). Nevertheless,
sediments in these ponds must be kept moist, and, during dry periods, water is sorhetimes :
added to these ponds (sources include Walnut Creek, the WWTP, and the Landfill Pond) to
keep the volume at or above 10% of the total capacity. Furthermore, Pond B-2 receives some
inflow from groundwater in the spring months, and occasionally water enters these ponds
from leaks and overflows in the bypasses. These inflows were not included in the pond
simulation module for two reasons: (1) These ponds are isolated from most of the watershed
(including the other ponds) by bypasses that route runoff around them; (2) The volumes of
these inflows are considered very small compared to the overall water budget of the
watershed. Thus, the volumes of these ponds (A-1, A-2, B-1, and B-2) are allowed to drop
below 10% of their capacities during the HSPF simulation. However, for the calculation of

(4047-910-0025-521)(R7-APXH)(6/30/95 4:16 pm) H-18



concentrations of modeled contaminants, pond volumes were assumed to be at 10% of their

respective capacities when the simulated volumes were below this level.
H3.3.1 S'ummary of Pond Operation Rules

Historically, the objectives of the pond operations were achieved by implementing decisions
on a daily basis rather than by following a consistent set of operating rules. However,
records of releases are not available for an extended period, and to simulate past operations
(for calibration of the model) a set of rules had to be developed.. Furthermore, a set of
operating rules is necessary to perform simulations of possible future events (for predicting

water quality).

Rocky Flats pond operations can be classified into four distinct operational modes: (1) an
accumulation period where A- and B- series pond flows are permitted to flow into and be
contained by Ponds A-3 and B-5, respectively, (2) transfer of the waters that have
accumulated in Ponds A-3 and B-S to Pond A-4 as the first step leading to discharge of these
waters; (3) isolation and sampling of Pond A-4-prior to the discharge of Pond A-4; and
(4) the actual discharge of the water in Pond A-4.

For the sake of clarity, it is best to begin the discussion at mode 4, the discharge state. In |
this state, Pond A-4 is not accepting any inflows or transfers from upstream ponds. The
discharge state will continue until the volume of water remaining in Pond A-4 is reduced to
10% of the total capacity. No water is transferred to Pond A-4 during the discharge cycle
with the following exception: . if the volume in B-5 reaches 80% of capacity, emergency
transfer of B-5 water to A-4 is initiated. This is to ensure the structural integrity of the B-5
dam. When the B-5 volume is reduced to 50% of its capacity, the emergency transfer is
terminated. Pond A-3 has no critical capacity beyond which structural integrity is threatened,

so the pond is permitted to spill.

After A-4 has finished discharging, the volumes of water in Ponds B-5 and A-3 are
investigated in this order. If both volumes are below 10% of their respective capacities, no
transfer is initiated. If the volume of either or both is greater than 10% of their respective
capacities, transfer is initiated to Pond A-4; the levels in Ponds A-3 and B-5 are kept near

10% to provide storage capacity in case of an extreme precipitation event. Transfer of Pond
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B-5 water occurs first, and continues until the volume of B-5 is reduced to 10% of its
capacity or Pond A-4 fills to 65% of its capacity. Then, if Pond A-4 has not reached 65%
of its capacity and transfer from B-5 has finished, transfer of Pond A-3 water is initiated.
Pond A-3 transfer is continued until either Pond A-4 reaches 65% of it's capacity or the

volume in Pond A-3 is reduced to 10% of its capacity.

After transfers to Pond A-4 are completed, the pond is isolated and samples collected for
water quality analysis. The pond remains isolated while samples are analyzed. This waiting
period generally ranges from 15 to 20 days, with 18 days being the average time period to
obtain the results. The model thus uses 18 days-as the sample return time. During the 18
days, the volume in Pond B-S5 is monitored to-see if the critical override volume is reached
(80% as discussed in the discharge state above).” If this critical capacity is reached, Pond B-5
transfer is again initiated subject to shutoff at a Pond B-5 volume of 50 percent. Also, at all
times volume is monitored in A-4 to ensure that the volume stays below the Pond A-4 critical
capacity volume of 80% of maximum volume. If the volume of Pond A-4 reaches 80%,
discharge is begun immediately, even if" sample results have not been returned (daily
comprehensive samples are taken to characterize the discharged waters). Pond A-4
emergency discharge is continued until Pond A-4 volume has been reduced to 10% of

capacity.
At this point, the entire discharge ¢ycle-is.repeated.
H3.3.2 Incorporation-of Pond Operation Rules to the OU6 Model

The pond operation rules summarized above indicate that release of water from a pond or
addition of water to a pond is controlled by many factors including volume conditions at
ponds upstream and downstream of the working pond. Unfortunately, HSPF is not capable
of continuously simulating these pond operations, and a separate external program was written
for this purpose. For all simulations of the OU6 hydrologic system, including both
calibration runs and long-term prediction simulations, the pond operation rules were

incorporated and simulated whenever actual pond release data were not available.

At the request of Woodward-Clyde Federal Services, Hydrocomp developed a computer
program called PONDSIM (in the Pascal programming language) to simulate the releases of
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water from Ponds A-3, A-4, and B-5 consistent with the pond operations rules. The

following steps describe how PONDSIM and the OU6 surface water model were operated
together:

. Run an HSPF simulation that includes the portion of the Walnut Creek
watershed that is upstream of Ponds A-3, A-4, and B-5. This portion includes
the Industrial Area; Ponds A-1, A-2, B-1,B-2, and B-3; and the areas that

drain to these five ponds.

. From this HSPF simulation, obtain the runoff from the area that is upstream
of Ponds A-3, A-4, and B-5. This runoff is an input to the PONDSIM

program.

. Run the PONDSIM program. PONDSIM produces three time series with

binary decision variables for each of the.three ponds (A-3, A-4, and B-5): for

‘ each hour of the simulation, releases from each pond are either turned "on" or
"off" to meet all of the pond operations rules (if that is possible) or to meet

the exception rules if there are conflicts.

. After the PONDSIM program produces the three time series of decision
variables for pond releases; these become inputs to a new HSPF simulation
that models the entire OU6 surface water system including the operation of the

ponds.

Besides runoff into Ponds A-3, A-4, and B-5, the inputs to the PONDSIM program are
meteorological data; initial pond volumes; and magnitudes of release flows as functions of
pond volumes.. The meteorological data are the same time series that are input to the HSPF
model for the simulation time period. For simulations when pond volume data are not
available, initial pond volumes are set at 40% capacity; historical volume data show this to
be a reasonable assumption. The relationships between release flows and pond volumes for
each of the three ponds are based on two factors: (1) historical flow records which
determined average flow rates of releases, and (2) the assumption that release flows are
‘ greater when ponds are at higher volumes.
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H3.4 SEDIMENT AND WATER QUALITY INPUTS

Inputs to the HSPF model for sediment transport modeling include: soil erosion and washoff
coefficients for the pervious and impervious land segments, and bed sediment size and
deposition/scour coefficients for the reach/reservoir segments. While most of these inputs are
calibration parameters, results of the grain size analysis of pond sediment samples taken
during the 1991 field investigation were used to define the 7pond bed sediment sizes.
Sediment grain sizes in the channel reaches were estimated based on professional judgement

and model calibration because little field information-was available.

The HSPF model is capable of modeling the migration of three general water quality
constituents in a single run. In this QU6 surface water modeling study, the migration of three
sediment-associated contaminants (Americium-241; Plutonium-239/240, and antimbny) was
modeled. Adsorption/desorption between dissolved and particulate (sediment) phases was
assumed to be minimal (based on the knowledge that the three modeled contaminants are
highly associated with sediments), and the-adsorption/désorption parameter in the HSPF
model was set at the smallest possible value. ‘The chemicals are considered conservative, and
chemical reactions such as hydrolysis, oxidation, photolysis, volatilization, biodegradation,

and general first order decay for the dissolved constituents were not considered.

In the model, chemical loads from the-pervious land segments were assumed proportional to
soil loss from the segments. For impervious segments, solids are assumed to accumulate and
wash off during runoff ,e\?ents; chemical loads from the impervious land segments were
assumed proportional to.the mass of solids wasted off during the events. The HSPF model
requires the inpﬁt of initial conéentfations of the three modeled contaminants in the surface
soil of ‘the pervious and 7impervious land segments and the initial concentrations in
stream/pond sediment for the reach/reservoir segments. These initial concentrations are based

on the results of a soil sampling study conducted within the OU6 area.

Chemical Concentrations in_Surficial Soils in_the Sub-basins of QU6

To a large degree, concentrations of Am-241, Pu-239/240, and antimony in surficial soils in
the sub-basins of the OU6 drainage area determine the water quality in Walnut Creek and its

tributaries because these chemicals are mostly sediment-associated. Concentrations in
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surficial soils in each of the OU6 HSPF land segments (pervious and impervious) were.
estimated based on the area-weighted average concentrations of the IHSS and non-IHSS areas
within each segment. Geographic Information System (GIS) software was used to perform
these calculations. The average concentrations in the IHSS and non-IHSS areas were based
on data presented in Section 4.4 of the main body of this report (as well as Appendix D1)

and were estimated as follows:

. Within each QU6 IHSS, the arithmetic mean of all sample concentrations (both
measured concentrations and non-detects) was calculated; non-detects were

replaced by half of the reporting limit.

. For non-IHSS areas (which were not sampled), concentrations of Americium-
241, Plutonium-239/240, and antimony in surficial soils are assumed to be
zero; thus the model is only estimating the impacts of OU6 sources on surface

water quality and stream/pond sediment.

The calculated average concentrations in each sub-basin are summarized in Table H3-1 and
were used as the potency factors (ratio of chemical mass to soil mass loss from the pervious

and impervious land segments)-.in the HSPF input file.

Initial Chemical Concentrations in Reach/Reservoir Sediment in the QU6 Drainage Area

Initial concentrations of modeled contaminants (Am-241, Pu-239/240, and antimony) in
reach/reservoir-sediments were required as inputs for the water quality simulation in the
reach/reservoir segments. Results of the 1992 stream/pond sediment sampling analysis
(conducted as part of this Phase 1 RFI/RI Report) were used to specify the initial chemical
concentrations-in the reach/reservoir sediments. These concentrations are summarized in
Table H3-2; they are based on data presented in Section 4.0 of the main body of this report.

H3.5 DATA SOURCES

The input and calibration data used in the QU6 surface water modeling effort come from

. these sources:
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o EG&G - on-site meteorological data (precipitation, solar radiation, air
temperature, dew-point temperature, and wind speed) from 1986 to 1993, flow
data from 1991 to 1993; pond volume data from 1990 to 1993; TSS and water
quality data from 1986 to 1993; chemical concentrations in surficial soils and
stream sediment from 1986 to 1993. These data are in the Rocky Flats
Environmental Database System (RFEDS).

. National Weather Bureau - precipitation data for FortvCollins from 1955 to
1989. ‘
. Agricultural Research Service, U.S. Department of Agriculture (National Soil

Erosion Laboratory, West Lafayette, Indiana) - the CLIGEN program and the
database for a stochastic generation of thirty 30-year meteorological time series
of precipitation, solar radiation, air temperature, dew-point temperature, wind

direction, and wind ;peed.
. Previous investigations and 'studieé of RFETS.
. Miscellaneous publications:
H3.6 GENERAL MODELINGKTASKS .

The OU6 surface water ﬂqw and transport modeling effort included calibration of the model
to measured ﬂow" and-.volume data, observed TSS concentrations, and estimated pond
sedimentation Tates. Measured concentrations of Americium-241, Plutonium-239/240, and
antimony in stream and pond water were used to check the reasonableness of the simulation
results. “The calibration for flow and TSS concentrations was limited to a five month period
(April through. August) in 1993 because of the limited record of reliable data at RFETS.
(These limitations are discussed in more detail in Section 4.0.) The information on pond
sedimentation rates inéluded a much longer period of record (approximately 40 years), and
the simulation of sediment transport was calibrated to these pond sedimentation rates for a
seven-year period: April 1986 through March 1993. This seven-year period was used because

of the availability of meteorological data.
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In order to make long term predictions, thirty 30-year simulations were conducted. To
account for the variability of meteorological processes, a stochastic weather generator was
used to create thirty 30-year time series of meteorological data which simulate the weather
patterns of the Denver region. These data were input to the calibrated OU6 surface water
model to produce thirty 30-year simulations of creek flows, sediment and contaminant loads,
and concentrations of Americium-241, Plutonium-239/240, and antimony in water and
sediment. For each of the contaminants and each of the simulations, a 30-year average
concentration was calculated. For each contaminant, means, standard deviations, and 95%
UCLs were calculated from the thirty 30-year averages. These statistical parameters were

inputs to the risk assessment.

A discussion of these tasks is presented in the next two sections.
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| H4.0
MODEL CALIBRATION

Calibration of a flow and transport model refers to a demonstration that the model is capable
of producing field-measured flows, TSS concentrations, -and concentrations of selected
chemicals which are the calibration values. Calibration is accomplished by adjusting a set
of model parameters that produce simulated flows, TSS concentrations, and chemical
concentrations that match field measured values within an acceptable range of error or within
reasonable limits. There are basically two ways of adjusting model parameters to achieve
calibration: (1) manual trial-and-error adjustment of parameters, and (2) automated parameter
estimation. This section addresses the calibration of the OU6 HSPF model by the manual

trial-and-error method.

There are typically three types of parameters in an HSPF model to calibrate: parameters for
flow simulation, parameters for sediment transport simulation, and parameters for water
quality simulations. Calibration of the QU6 HSPF model includes:

. Calibration of flow parameters to 1993 flow and pond volume data

. Calibration of sediment parameters to pond sedimentation rates during a seven-
years_time interval (April 1986 - March 1993)

. Calibration of sediment parameters to the 1993 measured TSS concentration
data "

Calibration of sediment parameters to measured TSS concentration data was only qualitatively

performed because the-available data are not suitable for a vigorous model calibration.

The current modeling effort did not include calibration of water quality parameters to match
simulated concentrations with measured values within the QU6 drainage system because of
the inadequate historical data available for calibration, which is discussed later in this section.
. Thus only a qualitative evaluation of the modeling concentration results was conducted to see

if the predicted concentrations of selected chemicals are within the same ranges as the
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concentrations measured along Walnut Creek during the seven-year time interval (April 1986
- March 1993).

H4.1 WATER QUANTITY CALIBRATION

The OU6 hydrologic model was calibrated by adjusting HSPF parameters so that simulated
stream flows and pond volumes were reasonably similar to observed data. Methods of
comparing simulated and observed data were both quantitative and qualitative as discussed
in Section 4.1.2. The water budget resulting from the HSPF simulations was also evaluated

in terms of consistency with general information about local and regional conditions.
H4.1.1 Available Data and Calibration Targets
Flow Data

Daily average flow data have been measured and recorded for Woman Creek, Walnut Creek,
and other locations at RFETS as part of an overall effort to characterize conditions at the site.
‘At several gauging stations, Parshall flumes, weirs, and flow meters have been used for
several years. The current stream gaging program began in 1991. (For a more detailed
description of the flow-measurement instruments used at RFETS, see EG&G, 1993). The
gauging stations which are relevant tothe QU6 surface water model - GS03, GS10, GS11,
GS12, and GS13 - are shown in Plate 5.5-2. Data on water transfers from Pond B-5 to Pond
A-4 are also available for 1989 to 1994.

The data from GS03, GS10, and GS13 were used to measure runoff from the pervious and
impervious-areas of OU6. Runoff from the northern part of the Industrial Area (P7 and 12
on Plate 5.5-2) is measured by GS13. Runoff from the southern part of the Industrial Area
(P14 and 14) is measured by GS10. Flows at GS03, however, also include releases from
Pond A-4. Therefore, data from this station include two components: (1) runoff from the
predominantly pervious areas that drain to McKay Ditch, the unnamed tributary below the
Landfill Pond, and Walnut Creek downstream of Pond A-4, and (2) releases from the A- and
B-series ponds which include WWTP effluent, drainage from the plant site (including flows
from footer drainage), and local drainage to the ponds. When comparing the observed to the
simulated time series of flows at GS03, both of these components should be considered.
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The data from GS12, GS11, and transfers to Pond A-4 were used to characterize releases
from Ponds A-3, A-4, and B-5, respectively. Thus, for the flow calibration, the pond
simulation program described in Section H3.3 of this appendix was not employed because

actual records of pond releases were available.

Unfortunately, much of the flow data are not in RFEDS or have been determined to be

unreliable according to EG&G hydrogeologists:

. The data collected prior to the current program (i.e., prior<to 1991) are not in
RFEDS, are limited to few sampling locations, and are of questionable

accuracy.

. Some of the data collected during the current program (before April 1993) are
considered relatively inaccuratebecause the gaging equipment was not

consistently calibrated before that time:

. Winter records are not reliable because of ice in the ﬂufnes, and also because
gaging equipment is sometimes turned off during cold periods to prevent

damage to the-equipment.

The gaging data for water year 1994 -were not available before this modeling effort was
completed. Therefore, the only reliable gaging record was for April through September 1993.
Because of gaps in the meteorological data, September 1993 was not included in the
calibration period. Thus, the time period for flow calibration is April through August 1993.
The total precipitation during this time period is 5.3 inches which is approximately 30% of
the average annual precipitaﬁon at RFETS. Even with this short time period of five months,
some of the data are missing from the record (the GS13 record, in particular, is missing data
for April 11 -'13 and May 10 - June 22 which would include flow data for many of the larger
storms of 1993), and some data are considered less accurate: for GS10 and GS13 the flumes

are overtopped during runoff events when precipitation exceeds approximately 0.5 inches.
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Volume Data

For the April 1993 through August 1993 time period, pond releases are known, and the model
was run without the PONDSIM program. Thus, the volume in Pond A-3 was used as a
measure of runoff from the northern part of the plant site (runoff from this area is diverted
around Ponds A-1 and A-2 and into Pond A-3). The use of Pond A-3 volume data was
necessary for calibrating this section of QU6 since, as mentioned previously, much of the
GS13 flow data are missing during this time period, particularly during larger precipitation
events. Volumes in Pond B-5 were not used to measure runoff from the southern part of the
plant site because flows into this pond (via Ponds B-3 and B-4) are dominated by effluent
from the WWTP, and runoff from precipitation events is a very small (often undetectable)
fraction of changes in the pond volume. Furthermore, the data from GS10 (which measures
runoff from the southern part of the Industrial Area) are more extensive than the data from
GS13.

H4.1.2 Calibration Parameters for Pervious and Impervious Segments

For the pervious land segments, the most important calibration parameters are the following
(parameters are not listed .in-order of importance but rather from surface processes to

groundwater processes):

Shade (SHADE) - This parameter is the fraction of a land segment shaded from solar

radiation by, for example, trees. It significantly effects the rate of snow melt.

Snow condensation/convection factor (CCFACT) - This parameter is used to adjust snow

melt values to observed field conditions (snowpack depth and/or runoff flows).

Infiltration (INFILT) - This parameter is an index to the mean infiltration rate on a land
segment. Values depend on the cohesiveness and permeability of the soil and can be initially
estimated from SCS soil categories. Infiltration can be adjusted monthly or seasonally to

account for frozen ground in the winter.
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Interflow (INTFW) - This parameter affects runoff timing by creating interflow and
decreasing surface runoff. It is a sensitive parameter and greatly influences hydrograph

shape. This parameter can be adjusted monthly or seasonally.

Interflow recession constant (IRC) - This parameter is the ratio-of interflow on any day to

interflow 24 hours earlier. This parameter can be adjusted monthly or seasonally.

Upper zone nominal storage (UZSN) - This storage of water in the unsaturated zone depends
on the capacity of the soil to store water and the tendency for the.storage to be used (the
hydraulic conductivity of the Soi]). It is also influenced by surface topography and
vegetation. This parameter can be adjusted monthly or seasonally.

Lower zone nominal storage (LZSN) - Aswith-upper zone storage, this storage of water in
the unsaturated zone depends on the capacity of the soil to store water and the tendency for
the storage to be used. These factors are related to-soil properties as well as the relative
amount of precipitation. This is the maixfi calibration parameter for matching observed runoff

volumes.

Lower zone evapotranspiration fraction (LZETP) - This is a measure of the amount of deep
rooted vegetation within a.watershed segment. - This vegetation draws water from the lower

zone of the unsaturated soil. This parameter can be adjusted monthly or seasonally.

Active groundwater evapotranspiration fraction (AGWETP) - This value indicates the
fraction of remaining potential evapotranspiration (after being drawn from other sources of

potential evapotranspiration) that can be satisfied from active groundwater storage.

Active groz)ndwater recession constant (AGWRC) - This highly sensitive calibration
parameter is used to.match the shape of a hydrograph - particularly the tail end of an event
hydrograph when the source of flows in the stream are essentially groundwater seepage. The

higher this constant, the flatter are event hydrographs for a given land segment.
Baseflow evapotranspiration fraction (BASETP) - This is the fraction of potential
evapotranspiration that can be satisfied from baseflow (groundwater outflow). It simulates

evapotranspiration during baseflow, for example, as might occur from riparian vegetation.
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Deep groundwater fraction (DEEPFR) - This is the fraction of groundwater inflow that will

enter deep (inactive) groundwater and is lost from the surface water system.

For the impervibus land segments, there are very few parameters, and only one, retention
storage, was used for calibration. Retention storage refers to the quantity of water that is
detained by such things as clogged gutters and low points on parking lots and drainage
channels. This water is assumed to evaporate rather than become surface water runoff from

the segment.

Initial calibration parameters were estimated using guidance literature provided by the EPA
(Bicknell, et al., 1993) and Hydrocomp, Inc. (unpublished handouts provided during a short
course on the use of HSPF, May 1993) and by considering local site conditions.

These initial parameters were assigned to all of the pervious and impervious segments of the
OU6 model and then adjusted (with the trial and error. method) during calibration:

. The parameters for the segments on the north side of the plant site (P7, P8, 12,
and I3 on Plate 5.5-2) were adjusted so that simulated volumes in Pond A-3

reasonably matched observed volumes as discussed in Section H4.1.3.

J The parameters for the segments on the south side of the plant site (P14 and
I4 on Plate 5.5-2) were adjusted so that simulated flows reasonably matched
observed flows-at GS10;

. Parameters for the six pervious land segments and one impervious segment
(P1, P2, P3, P4, PS5, P6, and 11 on Plate 5.5-2) that drain to Walnut Creek at
Indiana Street without flowing through the pond system were adjusted to try
to reproduce observed flows at GSO03;

. The parameters for segments that could not be adjusted in the calibration
process were assumed to be the same as the adjusted parameters for similar or
neighboring segments.

Two methods were employed for comparing observed data to simulated flows and volumes:
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Quantitative_comparisons - Sum the simulated average daily flows to obtain the total
simulated flows at GS03 and GS10 for the five month period (April to August 1993) and

calculate the percent differences between observed flow volumes and simulated flow volumes

for the two locations. For Pond A-3, calculate the percent difference between the observed

change in pond volume and the simulated change in pond volume-over the five-month period.

Qualitative comparisons - Plot the time series of the observed and simulated flows and
volumes. Observe the graphs to determine if the simulated hydrographs and changes in
storage are similar in shape and temporal occurrence to the measured data. In particular,

check the timing and magnitudes of runoff peaks.

The two types of comparisons were performed simultaneously. After each adjustment of
model parameters, simulated volumes were compared for observed volumes and graphs of
simulated hydrographs were compared to observed hydrographs.

H4.1.3 Calibration Results

Calibrated Parameters

The calibrated parameter values which are:listed in the example computer input file in
Attachment B all fall within the ranges-suggested by the guidance literature. The infiltration
parameter can also be compared to known information about local site conditions. The
calibrated value of 0.06 inches per hour is within the range of estimated permeabilities of
OUG6 soils. The range for most of the soils in Walnut Creek, Mckay Ditch, and No Name
Guich 1s 0.06 to 0.2 inches per hour (Price and Amen, 1980).

Calibration Comparisons

The HSPF model simulated a total flow volume of 183 acre-feet at GS03 for April through
August 1993 (excluding May 18 through May 28 when the record is unreliable). The
observed total flow volume for this time period is 176 acre-feet. The difference between these
values is 4 percent of the observed flow volume which is considered a very good calibration
in the HSPF guidance literature (Donigian, et al., 1984). Since much of the flow at GS03

comes from releases from Pond A-4, the simulation of storm runoff is not as accurate as this
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low percent difference might indicate. Nevertheless, this percent difference was considered

within a reasonable range of error given the short record of reliable gaging data.

Figure H4-1 shows observed and simulated flows at GS03 for the five-month time period
(observed data were not reliable for May 18 through May 28 ‘and were not plotted on the

figure). To improve the clarity of the beginning of the simu ati’on, the flows during April

were also plotted separately on Figure H4-2. Both of these figures also show releases from
Pond A-4 as well as precipitation to help distinguish between the sources of runoff at GS03.

These figures indicate:

. During periods of release in which there was very little precipitation and
virtually no runoff (e.g., July 24 through Augusf 12), the releases were higher
than flows at GS03 because of infiltration in Walnut Creek downstream of
Pond A-4. For these time periods the model fits the observed data very well,
and it is difficult to distinguish the observed frc;m the simulated flows on the

figure. ‘

J After large precipitation events (e.g., April 12) the flow at GS03 is greater
than releases from the pond. Although the runoff was sometimes over-
simulated and sometimes under-simulated, the model reasonably reproduced
the flows at GS03.

The total flow volumes at GS10 for the five-month period (excluding flows on days when the
record is unreliable, that is May 7 through 10 and June 17 through 18) are 22.8 acre-feet for
the observed flows and 24.6 acre-feet for the simulated flows. The difference between these
values 1s 8 ‘percent of the o-bserved flow volume. In the guidance literature, less than 10

percent difference is considered very good (Donigian, et al., 1984, page 114).

Figure H4-3 shows observed and simulated flows at GS10 for the reliable record of the five-
month period. Precipitation is also included on the figure. Unfortunately, the data gap in
June occurred during the largest runoff event of the period; the large simulated peak of June
17 and 18 could not be compared to observed data. The two sources for most of the runoff
to this gaging station are drainage from building footer drains and runoff from impervious

areas on the south side of the plant. The effect of the footer drainage is shown in the figure
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as approximately 0.1 cfs during April and approximately 0.05 cfs after April. These flows
were accurately simulated by the HSPF model. The peak flows from impervious runoff were
not as well represented. The impervious segments of the HSPF model have only one
significant calibration parameter, retention storage (the amount of impervious area was
considered fixed and the model was not very sensitive to the Manning's roughness
coefficient). The calibrated value for retention storage resulted in an under estimation of the
small runoff events (some of these smaller events resulted'in no increase in simulated runoff
above baseflow while the observed runoff was twice the baseflow) and an over estimation of
some of the larger events (for example, on May 17 the simulated flow is.33 percent greater
than the observed flow). Although the limited data prevented a more comprehensive
comparison between observed and predicted peak flows over a large range of conditions, the
sediment transport calibration (Section 4.2) indicated-that the model peak flows appeared to

be reasonable.

For calibration of the HSPF segments that represent the north side of the plant, volume data
for Pond A-3 were used. The observed change in volume from April 2 to August 30 is a
decrease of 20.3 acre-feet. The simulated change during this time period is a decrease of 19.9
acre-feet. The difference between these values is 2 percent of the observed volume change.
This percent difference shows-a.very good representation of volumes in the pond (Donigian,
et al.,, 1984). This good comparison between observed and predicted volumes is not
necessarily indicative of a good runoff simulation because the volume in Pond A-3 is mostly
driven by upstream releases which are input to the model. Figure H4-4 illustrates a
reasonable simulation “of Pond A-3 volumes, although the volumes are sometimes
underestimated (e.g., April 14 and May 9) and sometimes overestimated (e.g., April 21 and
June 20). .

H4.14 Flow Simulation for the Seven-year Sediment Calibration

" Hydrologic Simulation -

A seven-year flow simulation from April 1986 to March 1993 was conducted to provide
hydrologic inputs to the pond sedimentation rate calibration for the same period. The
simulated flow results were not compared with measured stream flow data because only a few

flow measurements were taken during this time interval. Furthermore, the simulation could
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not be calibrated to observed pond volumes because the PONDSIM program (which assumes.
certain operational rules that were not necessarily followed du}ing this period) was used.
However, the simulated flows and volumes in each detention pond are within typical ranges
of the available observed data. A water budget analysis was also performed to check the

reasonableness of the model predictions.

The preparation of the synthetic meteorological and hydrologic inputs for the seven-year
simulation is discussed in Sections H3.2, H3.3, and H3.4 of this appendix, including the input
of releases from the WWTP and footer drainage, and the incorporation of the pond operation

simulation.

Water Budget Analysis

Using the results of the seven-year HSPF simulation of the OU6 hydrologic system, a water
balance was conducted to compare HSPF results to known information about the local
hydrologic conditions. For water years 1987 through 1992, HSPF results are shown in Table
H4-1. The annual averages of these parameters over the six water years are also illustrated
in Figure H4-5.

The percentage of precipitation lost from the surface water system through infiltration to
groundwater is low (79.0/2070.0 =-4%).and is consistent with available hydrogeologic

information.

The percentage of precipitation lost to evapotranspiration is high (1905.0/2070.0 = 92%) and
is consistent with local and regional site conditions which indicate that only a very small
percentage of the precipitati'on becomes surface runoff at RFETS (Hurr 1976). To further
illustrate the small amount of surface runoff predicted by the HSPF simulations, estimated
flow in Walnut Creek at Indiana Street was compared to total precipitation. To make this
comparison, WWTP. flows were removed from the system. The flow in Walnut Creek at
Indiana Street due to WWTP flows can be estimated by subtracting evaporation and increases
in pond volumes from the WWTP flows. This calculation (176 ac-ft minus 42 ac-ft minus
1 ac-ft) yields a flow of 133 ac-ft. Thus, an estimate of the flow due to runoff is 142 ac-ft

- (275 minus 133), or 7% of total precipitation.
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H4.2 SEDIMENT TRANSPORT CALIBRATION

The sediment transport calibration process involved 2 steps: calibrating the model to
measured TSS concentrations at selected sampling stations along Walnut Creek and its
tributaries and calibrating the model to estimated pond sedimentation rates in the A- and B-
series ponds. Calibration to pond sedimentation rates took precedence over calibration to
measured TSS concentrations because the TSS data available are limited and was not

considered as reliable as the pond sedimentation rates.
H4.2.1 Calibration Parameters

The most important calibration parameters for ' HSPF. sediment transport modeling are the

following:

PERLND Segment

Soil detachment parameters (KRER, JRER) - These ‘p‘a‘rameters are used to determine how
much of the soil matrix can be detached by falling rain and thus becomes available for

washoff.

Soil washoff parameters (KSER, JSER) - These parameters are used to determine how much
of the detached soil can be washed off the kpervious land segment by surface runoff.

Soil scour parameters (KGER, JGER) - These parameters are used to determine how much

of the soil‘matrix can be scoured and removed from the land segment by runoff.

IMPLND.Segment
Atmospheric depbsition rate (ACCSDP) - This parameter is used to determine the quantity
of solids deposited on impervious land segments from atmospheric deposition and artificial

accumulation (e.g., sanding of roads during snow fall events).

Solids washoff parameters (KEIM, JEIM) - These parameters are used to determine the

amount of solids to be removed from impervious land segments by surface runoff.
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RCHRES Segment

Bed material grain size (D,) - This parameter is used to determine the resistance of sediment
(sand) from removal by stream flow. It is only required if either the Colby method or
Tofaletti method is used in sediment transport modeling. Sediment grain sizes in the ponds
and creeks are based on the results of grain size analysis of sediment samples taken from the
creeks during a 1991 survey (because the sample locations are immediately upstream of the
ponds, it was assumed that these samples are roughly representative of sediment grain sizes
in creeks and ponds), on professional judgement, and model calibration as discussed in
Section H4.2.2,

Sediment transport capacity coefficients (KSAND, EXPSAND) - These parameters are used
to determine the sediment transport capacity of the stream flow. They are required with the

power sediment transport function but not with the Colby method or Tofaletti method.

Critical shear stress for deposition of silt and clay (TAUCD) - This parameter is used to

determine when deposition of silt and clay occurs.in a stream or pond segment.

Critical shear stress for scour of silt and clay (TAUCS) - This parameter is used to determine

when scour of silt and clay occurs in a stream or pond segment.

Scour coefficient for silt and clay (M) - This parameter is used to determine how fast

deposited silt and clay can be scoured if scouring occurs.
H4.2.2 Grain Size Distribution of Stream/Pond Sediment

Seven soil samples were taken from the QU6 drainage area in 1991 for grain size analysis.
While most of the samples were taken from surficial soils of the pervious land segments, two
samples were taken from the stream sediment just upstream of the detention ponds. The
results of these samples were used as the starting grain size distribution of sediment in the
creeks and ponds for the model calibration. The final grain size distributions (used for model
predictions) were determined through model calibration to sedimentation rates as well as to
physical observations of the material in the creek beds. The grain size distribution for these

two samples is presented in Figure H4-6. As shown in this figure, the median sediment size,
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D,,, defined as the particle size for which 50% of the sediment is finer by weight, is.

approximately 1.2 mm or 0.045 inch.
H4.2.3 Calibration Values (Measured Data)

TSS Concentration

EG&G Rocky Flats has collected water samples from Walnut-Creek for TSS concentration
analysis. These samples were generally taken sporadically and the majority of the samples
were taken from baseflow. A continuous record was not available. These data are listed in

Attachment C and summarized as follows:

. 23 locations were sampled (shown on Figure H4-7).

. A total of 960 samples were collected from these 23 locations,

. The majority of the samples were taken from the detention ponds,

. The maximum TSS concentration is 21,500 mg/L detected at location
SW69093. N  ‘

. The majority of the samples taken from the ponds are non-detects,

. TSS concentrations measuvred at Indiana Street (SW003) are low, varying from

non-detects 1635 mg/L. These samples are mostly from baseflow.

During the flow calibration time interval in 1993, TSS data are very limited. Only 19

samples are available. These data are summarized in Table H4-2.

Since most of. theﬂTS\S‘ data are from baseflow and a continuous record of data during a storm
event 1s not available, these TSS data were generally considered not adequate for model
calibration. Thus comparison between the predicted and the measured TSS concentrations
is only qualitatiyé. It is recommended that continuous TSS concentration data be collected

in the future for a more rigorous model calibration.
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Total Pond Sediment Deposit

Since the 1950s, a series of dams have been built on the South and North Walnut Creeks for
flood control and water quality management. These dams form the A-series and B-series
ponds which trap sediment coming from the upstream pervious and impervious land segments.
The sediment deposited in these ponds provides valuable information for model calibration
by comparing the simulated pond sedimentation rates to the measured sedimentation rates
during a certain time interval. The following paragraphs discuss the determination of total
deposition in the ponds and the calculation of sedimentation rates within the Seven-year

calibration time interval.

A conceptual model to describe the sediment deposition pattern in ponds is illustrated in

Figure H4-8. The total volume of sediment deposited in a pond is calculated as:

V = C,(AD) (1)

where = total sediment deposit in ft’ or acre-ft,
surface area of deposit in ft* or acres,

= average depth of deposit along the trough (deepest) line,

OO » <
I

o

= shape coefficient.

The total weight of sediment deposited 1s then calculated as;

W =pV 2)

where p, = the specific weight of wet sediment in the pond, Ibs/ft’. For sediment deposit in
lakes and reservoirs, p, generally varies from 30 lbs/ft® to 150 Ibs/ft’, depending on the
particle size distribution, the content of organic matter, water temperature, porosity , and time
(Vanoni, 1975). In this study, a value of 75.4 Ibs/ft® (1.21 g/cm’®) was used, based on Lane
and Koelzer's study (1953) and assuming that 80% of the sediment deposit in the pond is clay

and silt.
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The shape factor C, depends on the cross-sectional shape of the sediment deposit. For a
perfectly triangular cross-sectional deposit, C, equals 0.5. In this study, a value of 0.5 was

used.

The average total depth of deposit in each pond was estimated from the 1992 pond sediment
sampling survey (conducted as part of this Phase I RFI/RI Report). In June 1992, sediment
samples were taken from each of the A- and B- series ponds for analysis of volatile organic
compounds, semi-volatile organic compounds, total organic carboﬁ, radionuclides, and metals.
Four sediment samples along the center portion of each pond were taken.. Since these core
samples reached the bottom of the deposit, the total depth of each sample represents the total
sediment deposit at that particular location. These data are summarized in Table H4-3. The
average value of core depths in each pond was assumed to be the average total depth of

sediment deposit along the center line of the pond.”

The surface areas of deposit were estimated from recent survey maps (Merrick, 1992)
developed for the OU6 surface water drainagearea. The results are presented in Table H4-4
(Column 4). '

To calculate the annual average sedimentation rate in each pond, the construction dates for
each pond were required. These dates. are available in the Pond Water Management Interim

Measures (EG&G, 1994) and the years-of construction are given in Table H4-4 (Column 2).

Using the data discussed-above, the total and annual sediment deposit in each detention pond

were determined by applying Equations 4-1 and 4-2. The results are presented in Table H4-4.

Pond Sedimentation Rates during the Seven-year Calibration Time Interval

The total sediment deposit calculated in Table H4-4 represents the sediment deposited from
construction of the pond until 1992. These values, however, cannot be directly translated to
obtain the total sediment deposited within the seven-year calibration time interval (April 1986
- March 1993) because sediment deposition in each pond varies annually with weather
conditions. A wet year produces more surface runoff than a dry year and thus produces more

soil erosion from the overland area. Thus more sediment is deposited in each pond during a
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wet year than during a dry year, assuming that the majority of the soil foss from the overland

area 1s deposited in the detention ponds.

Soil loss from overland areas is a very complicated phenomenon (Vanoni, 1975; Julien and
Frenette, 1985; Lane and Nearing, 1989; etc.). The Universal*Soil Loss Equation (USLE)
(Wischmeier and Smith, 1960) relates the soil loss to the kinetic energy of rainfall while
many other researchers look at sediment production as a function of surface runoff (Vanoni,
1975, Julien and Frenette, 1985). While rainfall and runoff can generally be described as a
power relationship (Linsley et al., 1992), it is then reasonable to assume- that soil loss from
surface runoff due to rainfall cah be described as a power function of the rainfall intensity

of each storm,
g, = KIF(AT) )

where q, = total soil loss fromi an overland area during a single storm, in

volume/hour or weight/hour,

I = average rainfall intensity of the storm, cm/hour or inches/hour,
AT = duration of the storm, hours,

B = - soil erosion exponent,

K = soil loss coefficient.

The soil erosion exponent B is a complicated parameter depending mainly on site soil and
canopy cover conditions.. While it generally varies from 1.0 to 3.0, its value can only be
determined from measured data on the site. In this study, however, data to determine this

parameter are not available. A value of 1.7 for B was assumed for the following reasons:
. It represents the geometric mean of 1.0 and 3.0.
. It is the same as the soil washoff coefficient (JSER) for the pervious land
segments and the solid washoff coefficient (JEIM) for the impervious land

segment, which were calibrated to measured TSS concentrations. Since these

two coefficient (JSER and JEIM) are the exponents in the power relationship
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between soil (or solid) washoff and surface water runoff from the segment,

parameters B and coefficients JSER and JEIM have similar meanings.
The total soil loss from an overland area during a certain time period with N storm events

IS:

. |
Q, = KY_ I}(AD, i=1,2 N @

i=1

Therefore the total sediment deposit in each pond during the seven-year calibration time

interval can be approximately estimated by the following equations:

‘ Qs] =& Qs (4-5)
M
> jpn,
« = L — (=12~ Nj=12"M (4-6)
) 1 an,
i=1
where Q. = total sediment deposited in each pond during the seven-year
.calibration time interval,
Q. s total sediment deposited in each pond from construction of the
~ pond to approximately 1992,
M = number of storm events in the seven-year interval,

Z
i

number of storm events from the year of construction of the
pond through 1992. '

To calculate the total sediment deposited in each pond during the seven-year calibration using

Equations 4-5 and 4-6, two additional minor assumptions were made:
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0y The total sediment deposited in each pond from April 1986 to March 1993
equals the total sediment deposited from January 1986 to December 1992 (a
shift of three months). Then the M value in Equation 4-6 represents the total
number of storm events in the seven-year interval from January 1986 to
December 1992 instead of from April 1986 to March 1993. It is believed that
this assumption would only slightly affect the results of the pond

sedimentation rate for the seven-year calibration time interval.

(2) The total sediment deposited in each pond from construction of the pond to
July 1992 when the sediment sampling took place is assumed to represent the
total deposit from construction of the pond through December 1992 (that is,
the trap efficiency is assumed to be 100 percent). The N value in Eq. 4-6
represents the total number of storm events from the year of construction of
the pond through 1992.

With these two assumptions and Equations 4-5.and 4-6, the total sediment deposited in each
pond from January 1986 to December 1992 was calculated. The total sediment deposited in
each pond for the seven-year calibration time interval (from April 1986 to March 1993) was

then assumed to be equal to that from January 1986 to December 1992.

Using the precipitation data from RFETS (1986 - 1994) with data gaps (mostly prior to 1989)
filled by the precipitation data from the Fort Collins station, the coefficient o can then be
determined. The total sediment deposit within the seven-year calibration time interval is then
calculated by using Equation 4-5. - The results are summarized in Table H4-4 (Columns 9,
10, 11).

H4.2.4 Calibration Procedures

After the HSPF model was calibrated for its flow component, the sediment transport
component was calibrated. Sediment transport calibration was accomplished by adjusting the
sediment-related parameters discussed in Section H4.2.1 such that simulated TSS
concentrations. and pond sedimentation rates matched field measured values within a

reasonable limit. The important adjustments were to the solids washoff coefficients from the

(4047-910-0025-521)(R7-APXH)(6/30/95 4:16 pm) H-43



impervious land segments and the sediment grain sizes of channel bed materials. Calibration

targets included:

@) Matching the simulated TSS concentrations with the observed TSS
concentrations at selected locations along Walnut Creek within the 1993 flow

calibration time interval (April - August),

2) Matching the simulated with the estimated total sediment deposits in each of
Ponds A-4 and B-5 during the seven-year calibration time interval (1986 -
1992); |

3) Matching the simulated with the estimated total sediment deposits in "pooled"

ponds during the seven-year calibration time interval (1986 - 1992), including:

) Total of ponds A-1, A-2, and A-3;

. Total of A-series ponds«-(A-l, A-2, A-3, and A-4);

. Total of ponds B-’i, B-2, B-3, and B-4;

. Total of B-series ponds (B-1, B-2, B-3, B-4, and B-5).

Total sediment deposits-in *pooled”" ponds (as opposed to individual ponds) were used for
model calibration because by pooling-the.ponds, the effects of the somewhat uncertain
operation rules become less,important in-the calibration. As discussed in Section H3.3.1,
routing of surface water thfough the A- and B-series ponds in the OU6 model is dictated by
a set of pond operation-rules... These rules may differ from past pond operating procedures.
For example, surface runoff from the northern part of the Industrial Area bypasses ponds A-1-
and A-2 because this water is routed through pipes to pond A-3. A similar bypass routes
runoff from the southern part of the Industrial Area around ponds B-1 and B-2. Thus ponds
A-1, A-2, B-1,.and B-2 are isolated from the Walnut Creek System in the QU6 model, and
very little sediment {from local runoff only) reaches these ponds in the model simulation.
However, the actual historical diversion of runoff (and sediment) around the ponds is
uncertain; according to EG&G hydrologists there have been few times when runoff from the
Industrial Area was routed to Ponds A-1, A-2, B-1, and B-2 (to keep the sediments moist).
This uncertainty makes the comparison of simulated and estimated sediment deposits in
individual ponds (especially Ponds A-1, A-2, B-1, and B-2) less useful for calibration
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purposes. Therefore, total sediment deposits in "pooled" ponds were used for comparison in
the model calibration. The total sediment deposited in the A-series ponds represents the total
soil loss from the northern part of the Industrial Area, and the total sediment deposited in the

B-series ponds represents the total soil loss from the southern part of the Industrial Area.
H4.2.5 Calibration Results

A comparison between simulated and estimated pond sedimentation rates is given in Table

H4-5. The prediction errors for the targeted ponds in Table H4-5 are:

Single or "pooled” ponds Prediction Error (%)
A-1to A-3 5.5
A-1 to A-4 2.6
B-1 to B-4 7.0
B-1 to B-5 -0.4
A-4 \ -16.4
B-5 . ‘ -37.2

The results indicated that sedimentation rates in ponds A-1, A-2, B-1, B-2, and B-3 are
significantly under-predicted as anticipated because of the difference between actual pond
operation in the past and the pond operation simulated in the model (See Section H4.2.4).
The prediction errors for the targeted ponds, however, are relatively small, indicating that the
OU6 HSPF model was well-calibrated in term of sediment transport. The prediction errors
seem quite acceptable considering that the actual pond operation decisions might have been

significantly different than the pond operation rules in the OU6 model.

As a further check on the sediment transport model, a comparison between the predicted and
measured TSS concentrations along Walnut Creek during the 1993 calibration time interval
(April - August) is given in Table H4-6. As discussed earlier in Section H4.2.3, this
comparison was only meant to be qualitative because of the inadequacy of the historical TSS
data for calibration. As it is indicated in Table H4-6, a considerable prediction error was
observed. However, the predicted TSS concentrations are mostly within the same order of

magnitude as the measured TSS concentrations.
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Values of the calibrated parameters can be found in the example computer input file for the
seven-year sedimentation calibration in Attachment B. Table H4-7 lists values of some of

the more important parameters.
H4.3 REASONABLENESS CHECK OF WATER QUALITY MODEL PREDICTIONS

Although a large number of water quality samples have been collected from Walnut Creek,
its tributaries, and the detention ponds in the last 10 years, most of these samples were taken
intermittently and under baseflow conditions. Because a.continuous record of data during one
or multiple storm events is not available, these concentration data were considered inadequate
for model calibration. It is recommended that more extensive water quality data be collected

in the future for a more rigorous model calibration.

Although they were not used for calibration, these data were used for a qualitative check of
the model prediction results. Historical analytical- results for Plutonium-239/240 and
Americium-241 in the water column are givenin Attachment D and summarized in Table H4-
8. Results for antimony are not given bécause antimony was not detected in the water phase.

Sample locations are shown on Figure H4-7.

Reasonableness Check of Simiilated Creek Concentrations

For the seven-year calibration time interval (April 1986 - March 1993), the distributions and
averages of simulated hourly concentrations of Am-241 and Pu-239/240 are shown in Table
H4-9 for threg reaches in the Walnut Creek watershed. Locations of these reaches are shown
on Plate 5.5-2. Sample data collected in 1993 were discussed in Section H1.3 and presented
in Table H1-1; 1993 sample locations are shown on Plate H1-1.

Reach 8 is near SWa1 7 of the historical sample locations and near SW67393 (baseflow) and
SW69393 (storm tUanf) of the 1993 sampling locations. During the seven-year simulation,
concentrations of Am-241 and Pu-239/240 in the water column of Reach 8 were never greater
than 0.0 pCi/L. Compared to the historical data and 1993 data, this indicates a reasonable
simulation of radionuclide activity during baseflow conditions, but an underestimation of
radionuclide activities during storm events. However, given the error involved in measuring

radionuclide activities, this underestimation is not considered significant. Furthermore, data
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was available for runoff volumes and pond sedimentation rates, and these parameters were

used for calibration of contaminated loads into Reach 8.

Reach 9 is near SW092 where historical samples were obtained and near SW68193
(baseflow) and SW69093 (storm runoff) of the 1993 sampling locations. As with Reach 8,
simulated baseflow concentrations of the two radionuclides are near 0.0 pCi/L. The historical
and 1993 data indicate that this is reasonable. The storm data from 1993 from SW69093
include concentrations of 2.8 pCi/L and 10.85 pCi/L’' for Am-241 and Pu-239/240,
respectively. This Am-241 value is within the range of simulated values (99% of the
simulated Am-241 concentrations are less than 10 pCi/L). The Pu-239/240 concentration is
above the majority of simulated concentrations. ‘Concentrations at SW092 were not measured
above 0.047 pCi/L for Am-241 or 0.602 pCi/L for Pu-239/240. The simulated results appear

to be reasonable compared to the measured data:

Reach 19 is near SW061 of the historical sample locations and near SW67593 (baseflow) and
SW68893 (storm runoff) of the 1993 sampling locations. " Baseflow concentrations for this
reach are higher than for Reaches 8 ‘and 9, but are still very small (most are less than 0.01
pCi/L). The 1993 data for baseflow at SW67593 are also very small (0.003 pCi/L for both
radionuclides). The maximum-simulated concentrations for both radionuclides are smaller
than the maximum observed concentrations indicating an undersimulation of loads into this
reach. However, this reach was calibrated for runoff flows and sedimentation rates in

downstream ponds, and runoff and soil ‘érosion are considered to be reasonably represented.
Reasonableness Chfack “of Simulated Pond Concentrations

For the seven-year calibratioh time interval (April 1986 - March 1993), a comparison between
the simulated and the measured concentration ranges in pond water is summarized in Table
H4-10. The simulated concentrations of Am-241, Pu-239/240, and antimony in pond water
were comparable to the measured concentrations except for Ponds A-1, A-2, B-1 and B-2
where the simulated maximum concentrations seemed much higher than the measured

maximum values.

-For Ponds A-1, A-2, B-1 and B-2, unusually high concentrations of the three modeled

contaminants were predicted in the model when the pond water volume in the model drops
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to a certain level (generally less than 1% of the pond capacity). This phenomenon is mainly

the result of two assumptions made in the OU6 model:

. In the model, a small portion of the sediments entering the stream and the
ponds was not allowed to settle. This assumption.was made to permit: (1) a
more .accurate TSS concentration calibration downstream of the detention
ponds; and (2) a more realistic simulation of measured concentrations of Am-
241, Pu-239/240, and antimony in the ponds when there is no outflow from

the ponds and the ponds are not close to being empty.

J In the model, water volumes in ponds A-1, A-2, B-1, and B-2 were allowed
to drop below 10% of their capacities.in contrast to the actual situation in
which capacities are kept at or above 10% capacity (see explanation in Section
H3.3).

As a results of these assumptions, the chemical concentrations increase as the volumes in
Ponds A-1, A-2, B-1, and B-2 decrease while the amount of suspended sediment in the ponds
remains the same. Thus, when volumé‘s in ponds A-1, A-2, B-1, and B-2 dropped to a certain
level (e.g., less than 10%-of their capacities) during the seven-year simulation, the
concentrations of Americium-241, Plutonium-239/240, and antimony in the water in these

ponds were over-estimated.

Because the difference between the pond operations simulated in the model and the actual
pond operations’is the largést for Ponds A-1, A-2, B-1, and B-2, the results for these ponds
are not as accuréte as the estimated concentrations for Ponds A-3, A-4, B-3, B-4, and B-S.
However, the estimated concentrations of Am-241, Pu-239/240, and antimony in the pond
water were believed to be conservative because the estimated concentrations are in general
higher than the historical values (Table H4-10).
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HS.0
PREDICTIONS OF LONG-TERM AVERAGE CONCENTRATIONS

The final task of the OU6 surface water and transport model was to estimate the future
concentrations of Am-241, Pu-239/240, and antimony along Walnut Creek and its tributaries
in support of human health and ecological risk assessment for the OU6 Feasibility Study. For
the human health risk assessment, this entails estimating long-term average concentrations of
contaminants in stream flow and in sediment in the ponds and in Walnut Creek at Indiana
Street. These estimates are based on the results of thirty 30-year simulations. This section
discusses the generation of thirty 30-year meteorological time series and the results of the
thirty HSPF simulations.

HS.1 GENERAL STRATEGY

The steps in calculating the long-term average concentrations of contaminants in stream flow

and in stream sediments along the Walnut Creek drainage were:

J Generation of thirty 30-year meteorological time series, including precipitation,

solar radiation, wind speed, air temperature and dew-point temperature

. Generation of thirty 30-year time series for other HSPF inputs such as WWTP
effluent

J Incorporation of pond operation rules to the model

. HSPF simulation of QU6 with calibrated flow, sediment and contaminant
parameters

. Calculation of 95% Upper Confidence Limits on the mean of the 30 simulated

long-term average contaminant concentrations
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HS.2 METEOROLOGICAL DATA GENERATION

Prediction of long-term average concentrations of contaminants in surface water and stream
sediment along the Walnut Creek drainage requires the preparation of HSPF input parameters.
This preparation includes prediction of future meteorological data, which, for this modeling
effort, were made with the CLIGEN weather generator. This section discusses the principles
behind CLIGEN, and how it was applied to RFETS. The calculation of lake evaporation and

potential evapotranspiration is also discussed.
HS5.2.1 The CLIGEN Weather Generator

The CLIGEN program was developed for the Water Erosion Prediction Project (WEPP) (Lane
and Nearing, 1989) and is based on the generators used in the EPIC and Simulator for Water
Resources in Rural Basins (SWRRB) (Williams, et al., 1984; Williams et al., 1985). The
selection of the CLIGEN program was based on the following:

. The generator has been wv;ll tested in many locations across the United States
(Nicks, 1985).

J The inputs forthe model have been developed for nearly 200 stations
including .20 in Colorade.

. Parameter estimation software and techniques are available.

The CLIGEN program generates mean daily precipitation, daily maximum and minimum
temperature, mean daily solar radiation, mean daily dew-point temperature, and mean daily

wind direction-and speed.

The number and distribution of precipitation events is generated using a two-state Markov
chain model (Lane and Nearing 1989). The CLIGEN weather generator also generates the
rainfall peak intensity and the time to peak intensity. Using these data and assuming a
double-exponential function for storm intensity versus time, the rainfall patterns (hyetograph)

. of each storm event were determined.
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Daily maximum and minimum temperatures, dew-point temperature and solar radiation are
generated from normal distributions of daily values during a month. Wind speed is generated
from a two-parameter gamma distribution based on mean monthly observed speed. Wind
direction is generated by sampling the cumulative distribution of wind direction constructed
from the observed percent time during a month with wind blowing from the 16 cardinal
directions. The equations used to generate these weather data are given in Lane and Nearing
(1989).

HS.2.2 Meteorological Data Generation

The 20 stations in the CLIGEN database that are in Colorado do not include RFETS or
Stapleton International Airport. The closest station in this database to RFETS is the Fort
Collins station. The database for the Fort Collins station was used to generate the
meteorological data for the OU6 surface water flow and transport modeling study for the

following reasons:
. Fort Collins and RFETS are at similar altitudes.

. Fort Collins -and RFETS have similar proximities to the foothills of the
Colorado Front Range.

. Yearly precipitation and rainfall patterns at Fort Collins and RFETS are similar
according -to Dr. Neil Doeskin of the Colorado Climate Center (personal
communication).

. The length of record for the Fort Collins station is relatively long, 96 years.

Using the database for the Fort Collins station and the CLIGEN program provided by the
USDA (Agricultural Research Service, W. Lafayette, Indiana), 30 meteorological time series
were generated. Each time series contains 30 years of daily values of total precipitation,
precipitation duration, time to peak, peak intensity, maximum and minimum air temperature,

mean dew-point temperature, solar radiation, mean wind speed, and wind direction.
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HS.2.3 Transformation of Daily Data to Hourly Data

The daily meteorological data generated by CLIGEN were transformed into hourly data

required by HSPF. These transformations are accomplished by the following techniques.

Precipitation

Daily precipitation was disaggregated into hourly precipitation by applying a double-
exponential function for precipitation intensity, i(t), proposed in the WEPP model. The

double-exponential function is illustrated in Figure H5-1 and includes the following equations:

ipe"(',"" 1 stst,
i) =
. d¢,-9 ;<
ie i t<1.0
where i, = normalized peak intensity

(-1

= peak intensity (inches/hr) / average intensity (inches/hr);

t = normalized time to peak intensity
= time to_peak inténsity (hr) / duration of storm;

b,d = empirical coefficients

Parameters b and d-can be determined by solving the following two equations:

10 - ™ = f;tﬁ
lp

and

10 - ¢ 4% - ——d(l.-t")

b

Then the normalized rainfall, Al, between normalized t, and t, is determined by:
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)
fipeb('—")dt For t,1t, <

b
h
% Vi
_ Y (3] _ [ ety (5.4)
Al = ; flpe »7dt fzpe dt For t <t, 1,>t,
t [
)
[i,e®™dt Fort,t,>t,

1

Temperature

Daily maximum and minimum temperatures were transformed into hourly temperatures by
linear interpolations, assuming that minimum temperatures occur at 2:00 AM and maximum
temperatures occur at 2:00 PM. 4

Solar Radiation

Daily solar radiation was divided into hourly solar radiation by the following step functions:

) 1/8 of the daily solar radiation for hours 11, 12, 13, and 14;
. 1/16 of the-daily solar radiation for hours 8, 9, 10, 15, 16, and 17,
. 1/112 of the daily solar radiation for hours 1-7 and 18-24.

Dew-Point Temperature

Dew-point temperature was assumed to be a linear function of hourly air temperature;

Hourly dew-point temperature = C,,*(Hourly air temperature) (5-5)

where
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C. - Daily mean dew-point temperature (5-6)
% Daily mean air temperature

Wind Speed

Daily wind speed values were assumed to remain constant throughout the day.
HS5.2.4 Determination of Lake Evaporation and Potential Evapotranspiration

Based on the hourly meteorological data, hourly lake evaporation and potential

evapotranspiration were calculated by the following methods:

. Lake Evaporation - calculated by a method introduced by Lamoreux (1962)
which is based on Penman's equation and calibrated to the Rocky Flats region
in an unpublished EG&G study of the Great-Western Reservoir;

. Potential Evapotranspiratibn - calculated by the modified Penman FAO-24
equation introduced in "Crop Water Requirements" by Doorenbos and Pruitt
(1975).

HS5.3 OTHER INPUTS TO THE PREDICTION SIMULATIONS

Effluent from the WWTP and drainage from building footer drains were included in the
simulations. Thesé» external flows to the OU6 drainage system during each of the 30-year
simulations were based on the daf‘a collected from January 1992 through July 1994. The data
from these years were repeated as many times as necessary to provide a 30-year time series
that was input to HSPF.

The external module PONDSIM, which was used to simulate the pond operation rules

(Section H3.3) was used along with the HSPF model to complete the thirty 30-year

simulations.
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HS.4 SIMULATION RESULTS

Results of the thirty 30-year simulations were presented in terms of daily concentrations of
Am-241, Pu-239/240, and antimony in the water columns and in the sediments of stream and
ponds. Based on these results, the long-term (30 years) average concentrations of
contaminants were determined.

HS.4.1 Calculation of 30-year Average Concentrations

Average Concentration in Deposited Stream/Pond Sediment

The average concentration of a contaminant in the newly deposited sediment was defined as
the ratio of the total deposited mass of contaminant over the total deposited mass of sediment
over the 30-year simulation. If sediment deposition did not occur in a given stream or pond,
the average concentration of a contaminant was not applicable. The predicted 30-year
average concentrations of contaminants in-newly deposited stream/pond sediment are
summarized in Tables H5-1 through H5-9.

Average Concentration in Stream/Pond Water

There are two ways to define the average concentration of a contaminant in stream/pond

water over a certain time interval:

1) The statistical mean of event (daily) average concentrations within the time
interval,
2) The ratio of the total mass of contaminants in the water over the total volume

of water within the 30 year time interval.

In this study, the second technique was used to define the average concentration of a
contaminant in stream/pond water because it can overcome the problem of the HSPF model
which predicts extremely high concentrations when the volume of water in the ponds

approaches zero.
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Water volumes of Ponds A-1, B-1, and B-2 all drop below 10% of their capacities during the
30-year simulations because the 10% minimum capacity rule was not incorporated in the OU6
model. As discussed in Section H3.3, the simulated contaminant concentrations in pond
water under such conditions were probably over-estimated. In such cases the model
predictions were neglected, the water volumes of these four ponds (A-1, A-2, B-1, and B-2)
were assumed to be at 10% of their capacities and the concentrations were adjusted to be the
ratio of total simulated mass to the adjusted pond water volume (i.e., 10% of pond capacity).
The total simulated mass equals the initial simulated contaminant concentrations times the

simulated volume (below 10% of pond capacity).

The predicted average concentrations of contaminants for each 30-year simulation in

stream/pond water at the selected locations are given-in Tables H5-1 to H5-9.
HS.4.2 Calculation of One-Sided 95% UCL of Average Concentrations

The simulated thirty 30-year average concentrations of each contaminant in stream/pond water
and sediment were then used to calculate the long-term average concentrations of that
contaminant, defined as the one-sided 95% Upper Confidence Limit on the mean of those 30

averaged concentrations, .-~

e (5-7)

/1

Coct =€ * Ypy, 000"

where CUC}.,\ =" | "95% Upper Confidence Limit of the mean,
c = - mean of 30 average concentrations,
tt 010) = Student t with (n-1) degrees of freedom and a significance level
’ of 0.10,
S. = standard deviation of 30 average concentrations,
n = number of samples = 30.

The calculated one-sided 95% UCLs for each chemical in stream/pond water and sediment
are given at the bottom of Tables H5-1 to H5-9 and summarized in Table H5-10.
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H54.3 Average Concentrations for Risk Assessment

The average concentration of a contaminant in stream/pond sediment was determined by the

initial concentration in stream/pond sediment and the concentration in the new deposited

sediment:

1. For those reaches and reservoirs for which sediment deposition was not
predicted to occur over the 30-year simulation, no deposition of contaminants
took place. For these cases, the average concentration of a.contaminant in the
stream/pond sediment was assumed to equal the initial concentration in the
stream/pond sediment.

2. For those reaches and reservoirs for which sediment deposition was predicted

to occur over the 30-year simulation, the average concentration of a
contaminant in the stream/pond sediment -is the depth-weighted average
concentration of the initial--concentration and the simulated average
concentration in the new deposit. . The procedure for calculating this depth-

weighted average is described below.

To support risk assessment, the modeling objective was to estimate contaminant
concentrations in the top 2 feet of sediment after 15 years of sedimentation. The value of
2 feet corresponds to the 0 to 2 foot interval that was sampled in the OU6 Phase I
investigation of pond' sediment. Although the OU6 model simulated 30 years of new
deposition, exposure concentrations for RA are the average concentrations during the 30-year
period, and it was assumed that loading of contaminants into the ponds was constant for the
30-year simulations, and thus the average concentrations occurred at 15 years. Therefore,
each sediment concentration used for risk assessment is a depth-weighted average of the
initial sediment concentration (C,,,,) and the new sediment concentration (C,,,;) following
15 years of deposition. If 4 feet or more of new sediment is deposited in 30 years (i.e., 2 feet
or more will have been deposited in 15 years), the exposure concentration equals Cyeposi
Therefore, the average concentration of a contaminant in the top 2 feet of pond sediments was

determined by the following equation,
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.

1 1 ,
30 20 - H2)C, s * EHCW’ if H < 4.0 feet
C - (5-8)
Cdepaﬁt ’
| if H > 4.0 feet
where C = the average concentration for risk assessment,
Coitial = average concentration in initial sediment deposit,
Coeposit = average concentration in new sediment deposit, C;. . = Cycr
(based on the 30-year simulations),
H = depth of new sediment deposit during the 30-year simulation.

If the predicted depth of newly deposited sediment in a reach/pond for 30 years is greater
than 4.0 feet, the average concentration for risk-assessment is the average concentration in

the new deposit. The results are summarized in Table H5-11.
The average concentrations for risk assessment of contaminants in stream/pond water were

taken as the calculated 95% UCLs of the mean concentrations as estimated from equation
(5-8). The results are presented in Table HS-11.
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He.0
SUMMARY, CONCLUSIONS AND LIMITATIONS

H6.1 SUMMARY AND CONCLUSIONS

A mathematical computer model, HSPF, was used to simulate the movement of water,
sediment, and seiected contaminants from pervious and imperilious land areas to creeks,
“ditches, and ponds within the QU6 Walnut Creek drainage system.. The main objective of
the modeling study was to predict long-term average concentrations of contaminants in the
water column and sediment of ponds and streams in support of human health and ecological
risk assessment. The modeled chemicals include sediment-associated Americium-241,

Plutonium-239/240, and antimony.

Several pervious land parameters and one impervious land parameter in the OU6 HSPF model
were calibrated to measured flow data and pond volume data for 1993 at selected gaging
stations and ponds along Walnut Creek. Data prior" to 1993 were not considered accurate
enough for calibration. The results werediscussed in Section H4.1 of this appendix and

showed good agreement between the measured and the predicted flow data and pond volumes.

For sediment transport parameters;-the QU6 HSPF model was calibrated to estimated
sedimentation rates in the A-'and B- séries detention ponds during a seven-year time interval
(1986 - 1992). The predicted sediments deposited in the targeted individual ponds were
within 37% of the estimated sedimentation. The prediction errors were much smaller (7%

or less) for the total sediment deposited in the "pooled" ponds.

Also for sediment transport parameters, simulated TSS concentrations were compared with
measured 1993 TSS concentration at a couple of sampling stations along Walnut Creek.
Although the comparison indicates a considerable prediction error, the simulated TSS
concentrations are mostly within the same order of magnitude as the measured TSS
concentrations. Because the measured TSS concentrations are results from instantaneous grab
samples and the predicted TSS concentrations represent mean daily values, the prediction

errors are expected and are considered acceptable.
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Simulated contaminant concentrations in surface water along Walnut Creek during the seven-
year sediment calibration time interval (April 1986 - March 1993) were roughly compared
with the measured values. However, the comparison was only qualitative and the water
quality calibration parameters were not adjusted based on this comparison because of the
inadequate historical concentration data available. The water quality calibration parameters

were assumed to depend on the calibration of the sediment transport model.

The calibrated OU6 HSPF model was applied to estimate the fate and transport of the
selected COCs within the OU6 drainage system. Thirty 30-year simulations were conducted
to generate the necessary information for calculating the long-term average concentrations of
contaminants in the water and sediments within the creeks and ponds. The results were used
in the risk assessment analysis, which is presented in Appendix J and summarized in Section
6.0 of this RFI/RI report.

The simulation indicated that no net erosion occurs at any of the detention ponds. This
confirms the results of Woodward-Clyde's preliminary evaluation of the migration of existing
pond sediment (Attachment A): there is litti'e-:likelihood for pond contaminated sediments to

migrate out of the system to Indiana Street.
H6.2 MODEL LIMITATIONS

The estimated long-term «\average concentrations of contaminants of concern in the water and
sediments of the creeks"and ponds along Walnut Creek were based on available data for the
site and a simplified conceptual and mathematical flow and transport model (HSPF) applied
to the study area. To the extent that available data and simplifying assumptions used in the
model differ from actual site conditions, the model results may not be representative of actual
future contaminant concentrations at receptor locations. However, the model results are
reasonable and believed to-be adequate for supporting the human health and ecological risk

assessment,
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TABLE H1-1
1993 SAMPLE RESULTS FOR TOTAL AM-241, TOTAL PU-239/240, AND TSS

BASEFLOW
Am-241 LOCATION  RESULT(pCiL) DATE SAMPLED
SwW67093 0.00] 04/05/93
SW67193 0.004 04/05/93
SW67393 0.000 04/05/93
SW67493 0.001 04/05/93
SW67593+ 0.003 04/06/93
SW67693 0.004 04/06/93
SW67893 0.008 04/06/93
SW67993 0.003 04/06/93
SW68093 0.007 04/07/93
SW68193* 0.002 04/06/93
SW68293 0.003 04/06/93

Pu-239/240 LOCATION

RESULT(pCvVL) DATE SAMPLED

SW67093 0.003 04/05/93
SW67193 -0.002 04/05/93
SW67393 0.003 04/05/93
SW67493 -0.002 04/05/93
SW67593* 0.003 04/06/93
SW67693 ~0.001 04/06/93
SW67893 0.003 04/06/93
SW67993 0.000 04/06/93
SW68093 0.001 04/07/93
SW68193* 0.001 04/06/93
SW68293 0.002 04/06/93
TSS LOCATION  RESULT(mg/L) DATE SAMPLED
SWo61* 17 4/1/93
SWo061* 4 4/22/93
SWo61* 9 5/5/93
SWo61* 5 5/19/93
SWo61* 5 6/2/93
Swo61* 5 6/16/93
Swo61* 8 6/30/93
SWo61* 5 7/14/93
SWo61* 5 7/28/93
SWo61* 5 8/11/93
SW061* 4 8/27/93

* sample locations receiving runoff from largely impervious areas
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STORM RUNOFF
LOCATION RESULT(pCi.) DATE SAMPLED
SW68593 0.030 5/17/93
SW68693 0.036 5/17/93
SW68793 0.000 5/17/93
SW68893* 0.140 5/17/93
SW68993 0.036 5/17/93
SW69093* 2.800 5/17/93
SW69293 0.034 5/17/93
SW69393 0.086 5/17/93
LOCATION RESULT(pC/L) DATE SAMPLED
SW68593 0.150 5/17/93
SW68693 0.120 5/17/93
SW68793 0.010 5/17/93
SW68893* 0.190 5/17/93
SW68993 0.170 5/17/93
SW69093* 10.850 5/17/93
SW69293 0.072 5/17/93
SW69393 0.140 5/17/93
LOCATION RESULT(mg/L) DATE SAMPLED
SW68593 1900.00 5/17/93
SW68693 55.00 5/17/93
SW68793 250.00 5/17/93
SW68893* 390.00 5/17/93
SW68993 60.00 5/17/93
SW69093* 21500.00 5/17/93
SW69293 140.00 5/17/93
SW69393 190.00 5/17/93
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TABLE H3-1
AREA-WEIGHTED AVERAGE CHEMICAL CONCENTRATIONS

IN SURFICIAL SOILS
Segment Number* | Pu-239/240 concentration Am-241 concentration Antimony concentration
(pci/gm) (pci/ton) (pci/gm) _ (pcifton) (mg/kg) (gmv/ton)

11 0.000 0 0.000 0 0.0000 0.000

P1 0.002 1,816 0.001 908} - 0.1928 0.175

P2 0.000 0 0.000 0 0.0000 0.000

P3 0.000 0 0.000 0 0.0014 0.001

P4 0.000 0 0.000 0{.. 0.0000 0.000

P5 0.000 0 0.000 ‘0] +0.0000 0.000

P6 0.000 0 0.000 0 0.0000 0.000

P7 and I2 0.000 0 0.000 0 0.0012 . 0.001

P8 and I3 0.576 523,008 0.298 270,584 3.9651 3.600

P9 0.140 127,120 0.061 55,388 1.5197 1.380

P10 0.340 308,720 0.088 79,904 1.6971 1.541

P11 0.115 104,420 0.055 . 49,940 1.1554 1.049

P12 0.251 227,908 0.042 38,136 1.9426 - 1.764

P13 0.023 20,884 0.010 9,080 0.6621 0.601

P14 and 14 0.008 7,264 0.004 3,632 0.1920 0.174
P15 0.111 100,788 0.092 83,536 3.2747 2.973

P16 0.149 135,292{... 0.000 0 2.3624 2.145

P17 0.010 9,080 0.000 0 0.0966 0.088

P18 0.094 85,352| "0:000 0 0.0000 0.000

P19 0.181 164,348 0.012 10,896 4.0423 3.670

P20 0.326 296,008 0.004 3,632 1.5952 1.448

P21 0.000 0 0.000 0 0.0000 0.000

* Number represents segment number of Impétvious-or Pervious land-segment.
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TABLE H3-2

INITIAL CHEMICAL CONCENTRATIONS IN STREAM/POND SEDIMENTS

POND/REACH Americium-241 Plutonium-239/240 Antimony
(pei‘g) (pei/g) (mg/kg)
A-1 (R-25) 9.31 29.04 20.52
A-2 (R-26) 1.011 3.187 12
A-3 (R-10) 0.413 1.214 13.5
A-4 (R-12) 0.0695 0.155 28.75
B-1 (R-21) 100.57 56.33 12
B-2 (R-22) 11.378 26.76 12
B-3 (R-14) 23.69 78.89 47.4
B-4 (R-16) 0.848 2.61 17.075
B-5 (R-18) 0.128 0.237 10.625
R-07 0.04 0.08 8.2
R-11 0.1855 1.035 0
R-15 0.2 1.6 0
R-17 0.063 0 0
R-23 0.121 0.21 0
R-27 0.44 1.37 0
All other reaches 0 0 0

it

SOURCE:

: ~(4047-910-0025-521 R 7-TH32 XLSX6/30/95 3:12 PM)

Based on previous sedimient sampling results
as part of the Phase I investigation (Phase I RFI/RI Report, 1995)
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TABLE H4-7
VALUES OF SOME OF THE CALIBRATED SEDIMENT PARAMETERS
Parameter Meaning Value Unit
PERLND Segment
KRER Soil detachment coefficient 0.5 Complex*
JRER Soil detachment exponent 1.7 Complex*
KSER Soil washoff coefficient 0.08 Complex*
JSER Soil washoff exponent L5 Complex*
KGER Soil scour coefficient 1.2 Complex*
JGER Soil scour exponent 1;8 : Complex*
IMPLND SEGMENT
KEIM Soil washoff coefficient 0.80 - 1.50 Complex*
JEIM Soil washoff exponént 1.7 Complex*
ACCSDP Atmospheric deposition-rate 0.02 tons/ac.day
RCHRES SEGMENT

DB50 Bed material (sand) grain size 0.045 - 0.500 Inches

TAUCD Critical shear stress for deposition of silt and clay 0.04 - 0.05 Ib/ftn2

TAUCS Critical shear stress for scour of silt and clay 0.05 - 0.075 To/ft"2
M Scour coefficient for silt and clay 0.05 1b/ft"2.day

* Unit of this parameter depends on \the' value used for another parameter
in the same equation. For example, the unit for KRER depends on the
value of JRER,
Sheet 1 of 1
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SUMMARY OF AMERICIUM AND PLUTONIUM CONCENTRATIONS

\

TABLE H4-9

FROM THE SEVEN-YEAR SIMULATION (APRIL 1986 - MARCH 1993)

REACH S8 Am-241 Pu-239/240
Average concentration _
for 7-year period (pCi/l) 0.00 0.00
Number of hourly concentrations-within each range
dunn;g_the seven year simulation
Range (pCi/L) Am-241 Pu-239/240
0.0E+00 - 1.0E-08 61368 61368,
1.0E-08 - 1.0E-07 0 0 h
1.0E-07 - 1.0E-06 0 k 0
1.0E-06 - 1.0E-Q5 0 0
1.0E-05 - 1.0E-04 0 0
1.0E-04 - 1.0E-03 0 0
1.0E-03 - 1.0E-02 0 0
1.0E-02 - 1.0E-01 0 0
1.0E-01 - 1.0E+00 0 0
1.0E+00 - 1.0E+01 0 0
1.0EH01 - 1.0E+02 0 0
1.0E+02 - 1.0E+03 0 0
1.0E+03 - 1.0E+04 0 0
REACH)9
Am-241 Pu-239/240
Average concentration -
for 7-year period (pCi/l) 0.0827 0.1598
“Number of hourly concentrations within each range
S durigﬁ the seven year simulation
Range (pCv/L) Am-241 Pu-239/240
0.0E+00 -+1.0E-08 42184 42182
1.0E-08 - 1.0E-Q07 7 5
" 1.0E-07 - 1.0E-06 8 7
1.0E-06 -1 OE-05 16 15
1.0E-05 - 1.0E-64 832 352
1.0E-04 - 1.0E-03 7771 5232
1.0E-03 - 1.0E-02 6000 7726
+0E-02 - 1:0E-01 3097 3732
1.0E-01 ~1.0E+00 1293 1744
1.0E+00 - 1:0E+01 148 345
1.0E+01-+1.0E+02 10 26
1.OEH02 - 1.0E+03 0 0
1.0E+03 - 1.0E+04 2 2

o (4047-910-0025-521 (R 7-TH49 XLSX7/3/9S 2:41 PM)
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SUMMARY OF AMERICIUM AND PLUTONIUM CONCENTRATIONS
FROM THE SEVEN-YEAR SIMULATION (APRIL 1986 - MARCH 1993)

REACH 19

Average concentration
for 7-year period (pCu1)

TABLE H4-9

Am-241

Pu-239/240

0.000122

Number of hourly concentrations within each range

0.000245

during the seven year simulation

Range (pCi/L) Am-241 Pu-239/240

0.0E+00 - 1.0E-08 17466 14578
1.0E-08 - 1.0E-07 11532 10780
1.0E-07 - 1.0E-06 10653 11191
1.0E-06 - 1.0E-05 8510 9348
1.0E-05 - 1.0E-04 6216 6776
1.0E-04 - 1.0E-03 4975 5240
1.0E-03 - 1.0E-02 1989 3256
1.0E-02 - 1.0E-01 27 199
1.0E-01 - 1.0E+00 0 0
1.0E+00 - 1.0E+01 0 0
1.0E+01 - 1.0E+02 0 0
1.0E+02 - 1.0E+03 0 0
1.0E+03 - 1.0E+04 0 0

i .(4047-910-0025-521)(R7-TH49 XLS)(7/3/95 2:41 PM)
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INPUTS:
Meteorological:

Precipitation,

Air Temperature,

Solar Radiation,

Dew-point Temp.,

Wind Speed,
Evaporation,
Potential ET

= == Land Segment Boundary
~—  Watershed Boundary

I Pervious or Impervious
Land Segment Number

Stream Reach Number

Physical:

Soil Propertie§,
Channel Properties,
Land Use,

etc.

OUTPUTS
Stream Flows,
Concentrations,
Loadings,

elc.

‘ OUGRL'SO’

U.S. DEPARTMENT OF ENERGY
Rocky Flats, Golden, Colorado
Environmental Technology Site

OPERABLE UNIT 6
PHASE | RFi/RI- REPORT

SUBDIVISION OF A BASIN
FOR HSPF SIMULATION

FIGURE H2-1
JUNE 1995




QUERI308

PERLND
Snow

Water
Sediment
Quality
Pesticide
Nitrogen
Phosphorus
Tracer

COPY

Data Transfer

DURANL
Duration
Analysis

APPLICATION MODULES

IMPLND RCHRES

Snow Hydraulics

Water Conservative

Solids Temperature

Quality Sediment
‘Nonconservative
BOD/DO
Nitrogen
Phosphorus
Carbon
Plankton

UTILITY MODULES

PLTGEN" - DISPLY

Plot Data Tabulate, summarize

GENER MUTSIN

Transform or Input sequential

combine Time-series data

U.S. DEPARTMENT OF ENERGY
Rocky Flats, Golden, Colorado
Environmental Technology Site

OPERABLE UNIT 6
PHASE 1 RFI/RI REPORT

"OPERATING MODULES” IN THE
HSPF SOFTWARE

FIGURE H2-2

JUNE 1995
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. OUBRI310

IMPLND

ATEMP

Correct Air Temperature for

impervious land-segment

SNOW

Simulate snow and ice for impervious

land segment

IWATER

Perform
computations
on an
impervious land
segment

Simulate water budget for impervious
land segment

SOLIDS

Accumulate and remove solids from
impervious'land segment

IWTGAS

Estimate water temperatures and
dissolved gas concentrations.

IQUAL

Simulate quality constituents using
simple relationships with solids and/or
water

U.S. DEPARTMENT OF ENERGY
Rocky Flats, Golden, Colorado
Environmental Technology Site

OPERABLE UNIT 6
PHASE | RFI/RI REPORT

STRUCTURE CHART FOR THE
IMPERVIOUS LAND-SEGMENT MODULE

FIGURE H2-4
JUNE 1995




| OUBRI31

RCHRES

HYDR

Simulate hydraulic behavior such as
flow velocity, shear stress, etc.

ADCALC

Prepare to simulate advection

CONS

Simulate flow
and transport in
areach or
mixed reservoir

Simulate conservative constituents such
as'TDS, Chlorides, etc.

HTRCH

Simulate water temperature for
sediment and water quality model

SEDTRN

Simulate inorganic sediment transport
in the reach

GQUAL

Simulate general water quality
constituents, such as sediment

associated contaminants.

RQUAL

Simulate biochemical constituents

U.S. DEPARTMENT OF ENERGY
Rocky Flats, Golden, Colorado
Environmental Technology Site

OPERABLE UNIT 6
PHASE 1 RFI/Rl REPORT

STRUCTURE CHART FOR THE
REACH/RESERVOIR MODULE

FIGURE H2-5
JUNE 1995
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LEGEND

P5 | pervious land scgments A impervious Jand segment

B3 pond names GS03  gaging stations

@ ponds and creek reaches

/ connections between HSPF elements

OUGRI314 I

e N
A ©

P19 P20

p»o

[ el

FOOTER DRAINAGE P13

P1s Pl6 P11 Pi2 \‘
. (1) ——>(x19)
l !
Q, @), 1
W.W.T.P, T

/

FOOTER DRAINAGE

\l

/\ m\\./ \

P7
GSll
\ A4
A,‘,Gm»“i.m-./?

]

AN

Pl7

~@)

P18

U.S, DEPARTMENT OF ENERGY
Rocky Fiats, Golden, Colorado
Environmental Tochnoloqy Site

OPERABLE UNIT 6
PHASE | RFI/RI REPORT

SCHEMATIC REPRESENTATION OF THE
HSPF ELEMENTS IN THE OU-6
SURFACE WATER MODEL

FIGURE H3-1

JUNE 1995




JUNE 1995

SJo ur Moy

4
4+ 35
3
+25

‘N
(o] —
'l
Y

+ 0.5

vl
4
L]

-

t

£6/62/8
€6/vT/8
£6/61/8
£6/V1/8
£6/6/8

& 0 =
A €6/%/8
@ =

OPERABLE UNIT 6
PHASE | RFI/RI REPORT
GS03 FLOWS
SIMULATED AND OBSERVED
FIGURE H4-1

3243 0048882x5002850 ¢ S |)

U.S. DEPARTMENT OF ENERGY
Rocky Flats, Golden, Colorado
Environmenfal Technology Site

£ £6/0€/L
£6/STL
£6/0T/L
€6/ST/L
£6/01/L
£6/S/L
£6/0€/9
£6/ST/9
£6/07/9
£6/S1/9
£6/01/9
£6/5/9
£6/1¢/S
£6/9T/S
£6/17/S
£6/91/S
£6/11/S
£6/9/5
£6/1/5
2 £6/9T/¥
<P E €6/1UY
[ =
E corouy
® P E €6/11/%
E £6/9/¥
F co/iy

RESIIXDOLN

REAGEIKHOGOINIGIRKBIR

¥

\,\

XY LI

' :
BIRGDILABOAASGARFAEEIRNGOLIRFIIRABLLNEEILN

L]

i
221111

[ precipitation & GS03-observed —— GS03-simulated @ _releases from Pond A4 |

o

a4
%
?aa

M o

d =

o (=]
uonednaad jo sagour

1.20 v
0.20 +
0.00

SILIM8N0



S} ur Moy

4
135
3
125
2
+15
1
405
0

£6/0¢/¥
£6/6T/v
£6/8T/Y

£6/9T/v
£6/ST/¥
€6/4C/Y
£6/€TY
£6/TTY
€6/1T/Y
£6/0T/%
£6/61/%
£6/81/%
E6/L1/Y
£6/91/%
£6/S1/Y
£6/41/%
£6/E1/%
£6/T1/Y
£6/11/%
£6/01/%
£6/6/¥
£6/8/%
E6/LIY
| €6/9/v
£6/5/¥
£6/4/y
| co/cly
£6/UY
£6/1/y

o o
= o
(=] (==
uonejdidaad jo sayour

0.60 +
0.50 +
020 +
0.10 +
0.00 -

£6/LTY -

S8 precipitation —&— GS03-observed = GSO3-simulated DO releases from Pond A-ﬂ

o®
835
« P =
225,58
Wlolea
w o=l
octlz
sS1S5z
E3e {
WS |4
E olox
o g -—
Zatls
al a b
wic E 0
0o €t O«
»0 o =4
R a.
[ T
-1
©u

GS03 FLOWS IN APRIL
SIMULATED AND OBSERVED

JUNE 1995

FIGURE H4~-2

91£1¥9N0



S661 INN®
£-%H 34N9I4

Q3A43S80 ANV Q3LVINNIS
SMO14 0189

14043y /13y | ISVHY
9 1lINN 318VY3d0

o}iS ABojouyse) [PjusLILOIAUT
opRJojo) ‘UspoY ‘sioly Ayo0y
AD¥3N3 JO IN3INLNVL3A ‘S°'n

| PovsInuIS-01SD—— poasqo01sO ¥ vopwdiosidpm = |
2
5
w

5 2 & 3 3 5 8§ 2 8§ 5§ g% <« 85 & .
¥ ° & S S S = = = = = N = =
5 3 3 ] 3 8 3 3 8 3 3 3 3 3 g g8
| ] 4 _ \ | 4_
$0 T _ | "N+ ozo
_~ I !
“ {
I+ ! T Ob'0
=]
e
2 , .
51T+ _ <+ 090
8 ;
7+ w T 08°0
{
ST+ , + 001
€ ..ﬁ .ﬁ 0Tl

L1S1RI9NO

uopedidaad jo sagouy




§661 INNM
¥—vH 34N9Id

[

G3A43S80 ANV Q3ALVINNIS
SINNTOA €-V ONOd

180438 /144 | ISVHd
9 1INn 318vd340

oy)s ABojouyoe) IDjusILOI|AUY
opDJojon ‘uepion ‘sjo)4 Axyool
AQY¥3INI 40 IN3INLNVLIA °'S'n

_ PRAISSQO - SWNJOA ¢~ PUO ¥ pajenuils - B,E:g £-V puogd =ouS_&ooal_
® ® 3 3 S o 2 2 @ @ @ - & a
3 e 8 2 8 3 g N 3 2 8 = 2 S = ~
8 3 8 3 3 3 8 8 8 8 8 3 3 8 3 3
o o A JSYCUNIUETTESITERUY :-..:E..l OOO
W pe
. + 020
ol -
T 0¥'0
<
S
g si-
o
5 .
s + 09°0
]
% 07 -
oy
2
+ 080
ST+
+ 00’1
o€ +
v
s¢ i Lozt

81£1M9N0

uonejdidoad jo sagdug




g661 3NNP :
S—-¥H 3dNOld

SAVIA XIS ¥IAO SIOVHIAV TVNNNV

S1INS3y NOILVINRKIS
3dSH 40 139AN8 d3LVM

14043y /14y | ISVHd
9 1INN 318Vd3dO

3SIMYIHIO GILON SSIINN
1334-340V NI SH3IGRNN TV
‘310N

ois Abojouyoey [DjusLILOIIAUY
opDJ4o|0) ‘uepion ‘sip|y A3d0y
AOY¥3N3 40 INIWLYVLIQ °S°'N

71 - seae ‘azad woy

0 Swawdss puej snotarad e
WOl 19)eMpunoId 0} uonenyyul

§061 Suaurdss puej snoiarsd

0€1  seare ‘ardwir woxy Ire wox uonexndsuenodeas
€€l d'LI'M’M woy
.:Jjouny jo sjusuoduiod paIjeUInsa
p€ s3eurerp 100§
’ BaIY 310D
X I spuod [[e ur
i SUINJOA UJ 9SBIIOUT
| 6L (walss 1ojem 9L dLM'M
1 aoeyns 3y} woij 3sop)
SLT $SYOBAI Y3910 [{& WwoIy
¥oa1) nuep Ia1empunoig o} uonenyiyut
u1 gouns :
L1 93eureip 19j00§ (1]3|
(4o AeoW % spued o1)
Jgounz snorazadu ejo)
)
& Z¥ spuod Jpe woxy uoneiodeas
%
g Wi AEN —

9 A/ \ﬁ 139J-3108 (LOT =
saqout 7'y = wonendioard

S O A

61ER-I9INO




| 0UBRI320

100 :
NG é
90 -
N

80 N .
\ ]
70 ‘%§k &
b
=
\ -5
60 N g
A N opu
50 A\ 3
X -
" :
&8
’ ]
&
30 E
20 NN ~

W =X

10 — —

i
0 , ;
100 10 21 0.1 0.01

Particle Size, mm

| ——SD01164ST Upstream of B-1 —6—SD01168ST Upstream of A-1 |

U.S. DEPARTMENT OF ENERGY
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Environmental Technology Site

OPERABLE UNIT 6
PHASE | RFi/Rl REPORT
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FIGURE H4-6
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Sediment Deposit

Tail of Pond
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U.S. DEPARTMENT OF ENERGY
Rocky Flats, Golden, Colorado
Environmental Technology Site

OPERABLE UNIT 6
PHASE | RFI/R! REPORT

CONCEPTUAL SEDIMENT
DEPOSITION MODEL IN POND

FIGURE H4-8
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Normalized Peak Intensity
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U.S. DEPARTMENT OF ENERGY

Rocky Flats, Golden, Colorado
Environmental Technology Site

OPERABLE UNIT 6
PHASE | RFi/Rl REPORT
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FOR A SINGLE STORM EVENT

FIGURE H5-1
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Woodward-Clyde Memorandum
Federal Services f

To:  Neil Holsteen From: Chuan-Mian Zhang %
EG&G - Pat Westphal[fv./
Office: WCFS-Denver
Date: Oct. 7, 1994

Subject: Objectives for Surface Water Modeling
Rocky Flats RFI/RI Report, Operable Unit No. 6 (Walnut Creek Priority Drainage)

Within the last month, technical staff at Woodward-Clyde have conducted a preliminary evaluation

of the surface water modeling for QU-6, focussing on-the modeling objectives, source loads to the
Walnut Creek drainage, the potential for contaminant migration, and the expected results of the
modeling effort. The major objective of the surface water modeling for OU-6 is to assess .
contaminant fate and transport in support-of human health and ecological risk assessment. For the
human health risk assessment (HHRA), this entails-predicting long-term average concentrations of
contaminants in stream flow and in stream sediment at Indiana Street, the assumed exposure point

for off-site receptors. At EG&G’s direction, only contaminant sources within OU-6 are to be used

as contaminant loads to the Walnut Creek drainage.

Our evaluation has led to the following conclusions:

¢))] the worst-case condition for-exposure to contaminants in the drainage is direct
exposure to current ecntaminant concentrations in pond sediments;

(2) contaminant concentrations in pond sediment will not increase in the future from
source loads in OU-6, which are insignificant compared to existing pond sediment
concentrations;

3) little potential exists for contaminanted pond sediment transport beyond the ponds
themselves, even under flood conditions;

4 health risks under the worst-case on-site exposure condition are not likely to exceed
EPA levels  of concern (cancer risk > 10¥); therefore, estimates of exposure
concentrations for other conditions may not be needed to support remediation
decisions.

Although these conclusions could probably be supported without full scope work of surface water
modeling using the Hydrogical Simulation Program - Fortran (HSPF) model, we propose to continue
the modeling effort. The modeling will be used to validate these conclusions for purposes of the
baseline HHRA for OU-6 and to demonstrate negligible incremental risk from exposure of off-site
receptors to predicted long-term average concentrations in water and sediment at downgradient
exposure points. We also acknowledge the merit of this model in serving other objectives than the
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baseline HHRA, such as providing stream segment data for ecological assessments, modeling
contaminant loads from outside OU-6, and supporting evaluation of future use scenarios at Rocky
Flats.

The rationale for our conclusions is described below.

(1) Current Condition Is Worst-Case
(2) Current Sediment Contaminant Levels Will Not Increase from OU-6 Sources

Concentrations of chemicals of concern (COCs) in OU-6-media were reviewed to identify source
loads for the model. This review showed that contaminant concentrations were highest in the pond
sediments themselves and that other potential sources of contaminant loadings to Walnut Creek in
OU-6 (such as surface soil or groundwater) were insignificant in comparison. This is demonstrated
using summary statistics for plutonium-239/240 (Pu) in various'media as an example:

Summary Statistics-for Plutonium 'in Various Media

Arithmetic | Standard Percent of

No. of mean .. deviation . | Maximum results >
Medium samples  _.{-(pCi/g) -1 @Cilg) ®C/e) 3.42 pCJ/g’
Pond 50 ] 16.25 132.80 1180.2 46%
sediment (A-and B- | s

series ponds) .
Stream 15 0.29 0.51 1.95 0%
sediment
Surface soil 18 0.994 1.949 15.22 5%
Pond water Sl 0.015 CY | 0.019(pC/) | 0.076(pC/1) | NA
(unfiltered) -] (A-.and B-

series ponds)

* Risk-based screening level for plutonium-239/240 in soil, assuming residential use, is 3.42 pCy/g
(DOE 1994).

Review of the summary statistics shows that average Pu activities are one to two orders of magnitude
higher in pond sediments than in stream sediment or surface soil in OU-6. This difference is typical
of the concentrations of COCs in the various media. The data support the conclusion that surface
soil in OU-6 is not a likely source of radionuclides in pond sediment. If only sources in OU-6 are
considered, the future activities of Pu in pond sediment can be expected to decrease rather than
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increase because overland flow will carry relatively clean soil into the ponds. Therefore, transport
of contaminants presently in pond sediments is the chief concern for predicting future conditions.

Consequently, our preliminary evaluation turned to the assessment.of (1) the potential for significant
sediment transport to downstream exposure points and (2) for health risk to exceed a level of concern
at downstream exposure points.

(3) Minimal Potential for Sediment Transport

A screening-level evaluation of the potential for sediment-transport off-site was conducted. The B-
series ponds (B1 through B-5) were selected for the evaluation because of the high radionuclide
activities in sediments in ponds B-1 through B-4. The bed shear stress at the selected cross-sections
along the B-series ponds under a 100-year flood event was estimated and compared to the critical
shear stress for sediment suspension to determine if the-pond sediment could be resuspended and
transported out of the ponds. Two scenarios with varying flood hydrographs (2-hour duration and
24-hour duration) were examined under the assumption that the ponds were full beforc-pcak—ﬂew

~caming—— | AL 1ok fen),

The results of tests indicate if the peak occurs at the later stage when ponds are filled up, except for
Pond B-4, the bed shear stress during a 100-year flood event will not exceed the critical shear stress
for suspension for consolidated silt and clay, which is assumed to represent the condition of the pond
sediment (a common assumption for lake sediment; however, this parameter should be measured in
the field before any decision is made). This means under such conditions, no pond sediment will be
resuspended, except for Pond B-4. The suspended sediment from Pond B-4 may flow into Pond B-5.
However, because of the sufficient capacity of B-5 the majority of sediment will resettle in Pond B-5.
The very fine material of the suspended sediment from Pond B-4 may be carried out through the
spillway of Pond B-5.

This test case is based on a very conservative assumption. Usually, under normal initial conditions
(pond water is at 10-25% of capacity), 100-year flood may suspend pond sediment but may not carry
the sediment out of the pond series. The volume of runoff in the South Wainut Creek watershed
during a 100-year flood event was estimated to be 72 ac-ft by using the Colorado Urban Hydrograph
Procedure model (Wright McLaughlin Engineers 1969; and UDFCD 1989). The pond capacity of
B-5 alone is 74 ac-ft.- If the peak of 100-year flood occurs at the early stage of the flood, it may
have potential to scour the pond sediment. However the suspended sediment may not be discharged
out of Pond B-5 because it has sufficient capacjgy-to store the flood volume, and detention time is
sufficient for suspended sediment to resettlj?%ﬁning the later stage of the flood, outflow over
spillway may occur. While the outflow raté could be much smaller than the peak inflow rate, the
flow velocity in-the pond could be low and the associated shear stress could be smaller than the
critical shear stress for sediment deposition. Therefore sediment may not be transported with the
outflowing water.
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(4) Health Risk from Direct Contact May Be Below Level of Concern

Current contaminant concentrations in pond sediment appear to represent the worst-case condition for
assessing health risk from exposure to sediment since, over time, concentrations are expected to
decrease rather than increase (see 1 and 2 above). A preliminary risk assessment was performed for
direct contact with sediment in Ponds B-1 through B-4, which containthe highest contaminant
concentrations in the A- and B-series ponds. The assessment evaluated ingestion and inhalation of
Pu, americium-241, uranium-235, aroclor-1254, carcinogenic polycyclic aromatic hydrocarbons, and
bis(2-ethylhexyl)phthalate, using 95 % upper confidence level estimates of mean concentrations in the
top 2-foot composite samples and assuming residential exposure to exposed sediments. This is an
extremely conservative exposure scenario that will -overestimate probable risk by approximately two
orders of magnitude, since actual exposure to submerged sediment in ponds is likely to be intermittent -
and short-term. The estimated cancer risk under the residential scenario was 8 x 10°, which is below
the level of 10* that usually determines whether remediation is required at Superfund sites (provided
.noncarcinogenic effects and ecological effects-are not a concern). Considering that actual risk under .
a more reasonable exposure scenario, such as intermittent recreational use or exposure during
ecological field studies, is likely to be about two orders of magnitude lower, direct exposure to
contaminated pond sediment on-site is not likely to contribute significantly to overall risk, and risk
would be negligible for off-site receptors; given the improbability of off-site transport of pond
sediment. o :

CONCLUSIONS

In summary, our preliminary investigations under the OU-6 surface water modeling task suggest that
there is little likelihood of contaminated soils or sediments in OU-6 presenting a significant human
health risk through surface water transport. This is essentially because (a) risk from direct exposure
to submerged pond sediment under probable exposure conditions are likely to be relatively
insignificant and contaminant concentrations will not increase in the future based on OU-6 sources,
and (b) even if the pond sediments present a significant risk, the potential for sediment to be
transported downstream is minium at flood frequencies of 100 years or less. With regard to
continuing the OU-6 surface water modeling task given these insights, we propose to continue that
effort under the assumption that it is beneficial to validat these conclusions and that other objectives,
such as evluating futuer use scenarios or other loading to the watershed, can aslo be supported by the
model. ’
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RUN

GLOBAL

Version 10 run: CRAINAGE TO WALNUT CREEK AT INDIANA AVE. (G303)
¥rwrskks jncludes Core Area and A- and B- series ponds

*rrvvxx includes f-tables based on July 18, 1994 field notes ***x

FrRxwwxxoincludes {(most) params. from 9/19/94 optimization

START 1986/04/01 00:00 END 1993/03/31 00:00
RUN INTERP OUTPUT LEVEL 3
RESUME 0 RUN 1 TSSFL 15 WDMSFL 16
END GLOBAL

FILES

<FILE> <UN#>*** <~ FILE NAME-== - oo e e e S
WDM 16 THE-NEW.WDM
MESSU 01 walnut4.LO1
40 walnutd.S40

41 walnutd4.S41

42 walnut4.S842

71 GSST-03.001

72 GSST-03.002

73 POND-A1.001

74 POND-A1.002

75 POND-A2.001

76 POND-A2.002

77 POND-A3. 001

78 . POND-A3.002

79 POND-A4.001

80 POND-A4.002

81 POND-B1.001

82 POND-B1.002

83 POND~B2.001

84 POND-B2.002

85 POND-B3.001

86 POND-B3.002

87 POND-B4.001

88 POND-B4.002

89 POND-B5. 001

90 POND-B5.002

91 VOL-7Y . DAT

INFO 14 HSPINF. DA
ERROR 03 HSPERR. DA
WARN 04 HSPWRN. DA
END FILES

OPN SEQUENCE
INGRP INDELT. 01:00
PERLND
RCHRES
PERLND
IMPLND
RCHRES
RCHRES
PERLND
RCHRES

[

Gos W N =R
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***start core area and ponds***

PERLND 7
IMPLNC 2
RCHRE= 8
PERLND 8
IMPLND 3
RCHRES 9
PERLND 19
RCHRES 25
PERLND 20
RCHRES 26
PERLND 8
RCHRES 10
RCHRES 11
PERLND 21
RCHRES 27
PERLND 10
*xxx added Bl and B2 on 10-4-94  kx*xxrrr*
PERLND 15
RCHRES 21
PERLND 16
RCHRES 22
PERLND 11
RCHRES 14
RCHRES 15
PERLND 12
IMPLND 4
. PERLND 14
RCHRES 20
RCHRES 19
RCHRES 16
RCHRES 17
PERLND 17
PERLND 18
RCHRES 24
RCHRES 23
PERLND 13
RCHREZ 18
RCHRES 12
RCHRES 13
x¥xxxx  end core area and ponds kF*xx
PERLND 3
RCHRES 4
PERLND 5
RCHRES 6
PERLND 6
RCHRES 7
PLTGEN 1
PLTGEN 2
PLTGEN 3
PLTGEM 4
PLTGEN 5
PLTGEN 6
PLTGEN 7
PLTGEN 8
PLTGEN 9
PLTGEN 10
PLTGEN 11 .
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PLTGEN 12

PLTGEN 13
PLTGEN 14
PLTGEN 15
FLTGEN 16
PLTGEN 17
PLTGEN 18
PLTGEN 19
PLTGEN 20
PLTGEN 21
END INGRP

END OPN SEQUENCE

e COCUTUE AL PERLND 1) PR IR BRI I R bR R R Y B x>

PERLND

ACTIVITY

<PLS > Active Sections (l=Active; O=Inactive) * ok ok
# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***
1 21 1 1 1 1 1

END ACTIVITY

PRINT-INFO

<PLS > Print-flags: 2-PIVL,3-daily,4-monthly,5~yearly,é-never *¥v PIVL
# - #§ ATMP SNOW PWAT ~SED PST PWG PQAL MSTL PEST*NITR “BHOS ‘TRAC

1 21 [ S} 6 5 5 24

END PRINT-INFO

GEN=-INFO )
*** Basin is not subdivided into multiple blocks (NBLKS=17}
*%«* All input units in Bnglish (1); print output. to Fortran Unit 40

<PLS reimemmme—— Name=-~=~~--- "NBLKS Unit~systems, Printep **x*
- 4 User t-series Engl Metyr ***
1 21 Basins all the same 1 1 1 1 40 0

END GEN-INFO

S Section ATEMP ~—-edeo—on * ok

**%* ATEMP section used, alr temperature ds <corrected for

*** different elevation.

ATEMP-DAT

<PLS > Elevation diff. between MetSta and.Woman Creek***
# - 4 Feet For
1 21 -400,.

END ATEMP-DAT

I e End ATEMP, Start SNOW —--—-=-=---- FEx

ICE~FLAG

<PLS » 0= Ice formation not.simulédted; 1= Simulated **~
# - #ICEFG T
1 21 1

END ICE-FLAG

SNOW-PARM1

**+ [ AT jis latitude of basin, Latitude = 39 53';

«*++ MELEV is mean elevation of basin, mean elev = (6050+5620)/2;
*+% SHADE is percent basin shaded by tress, etc (0.0/0.6/1.0);

*+x SNOWCF is factor to increase precip value if snowing due to under-reading

7-YEARS2.INP
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de gk

of precipitation during snow conditions (none/1.0/100.0); per Brent Zowen.
**+% COVIND is the maximum pack (in. water eq) required =o obta:ir complez=
*** areal coverage. (none/0.0l1/rone) compare to COVINM in snow-:initZ. .
**+ COVIND is fixed. COVINX is varied by program
<PL3 > Snow input info: Part 1 ol
# - # LAT MELEV SHADE SNOWCE COVIND ***
1 21 39.88 5835. 0.05 1.24 0.14
END SNOW-PARMI1
SNOW-PARM2
*** RDCSN is snow density (new) relative to water (0.15/0.01/1.0):
¥* * ok

TSNOW is temp at which precip is snow (32.0/30.0/40.0);

**% SNOEVP is parameter to adjust snow evap rate (0.1/0.0/1.0);
**% CCFACT is parameter to adjust snow condensation rate (1.0/0.0/2:0};
* bk

MWATER max water content % of

snowpack, [water/water]

(0.03/050/1.Q);

*** MGMELT is max rate [in/day] of snowmelt by groundheat (0.01/0.0/1.0);

<PLS > Snow input info: Part 2 kk

# - 4 RDCSN TSNOW SNOEVP CCFACT MWATER MGMZLT ***

1 21 0.10 33. 0.20 2.0 0.10 0.0.00

END SNOW-PARM2

SNOW-INIT1

*** PACKSNOW is initial quantity of snow in pack [in. water] AC.3/0.0/none);

***% PACKICE is initial quantity of ice in pack [ins ‘wager] £0.073.0/none’;

*¥% PACKWATER is init quantity of liquid water in show paek {ir.] (0.0/0.3/none);
**% RDENFF is density of frozen contents(snow+ice) to water -‘{0.2/0.01/1.2);

*** DULL is index to dullness {albedo estimation) ({400.2/0%0/8C™.0);

**% PAKTMP is mean temp of frozen portion of snow pack (32.0/nigr=/32.0);

<PLS > Initial snow conditions: Part 1 ok

# ~ # PACKSNOW PACKICE PACKWATER ROENPE DLjLL E’AK:ME’ bl ‘
1 21 0.2 .05 0.0 0,2 400. 30.0

END SNOW-INITIL

SNOW-INIT2 e

*** COVINX is the index (in. water eq.) to areal céoverage. value is

*+* petween 1/10 and 1.0 of COVIND équal to packf (9.01/0.01/ncne);

*** XLNMLT current remaing possible incfement to ice Storage in the packV(O.O/O.O/none);
**% SKYCLR is fraction of sky clear at present time”

<PLS > 1Initial snow conditionss, Part 2 #x* ’

# - # COVINX XLNMLT SKYCHER *oxox

121 0.014 0.0 1.0 S

END SNOW-INIT2

I mmm e End SNOW, Start PWATER —------ *ox

PWAT-PARM1

*** CENO O-snow™not implemented, i-snow implemented;

¥** RTOP O-new overidand "flow routing algorithm used, l-standard =RM,

*** H3PX, and NPS algoeithmaysed:;

*¥* UZFG O-new inflow to tpper zone algorithm used, l-standard ~XM,

*** HSPX, and NP3 algorithm usgd;

*¥* V7?2, 1 indicates to vary the 6 parameters during the year, <

*** means that they are fixed (VCS~inter. storage, VUZ-upper zores storage,
* %k

VNN-Manning's n, VIFW-interflow inflow parameter, VIRC-interilow recession

*¥* parameter, VLE-lower zone ET parameter);
<PLS > PWATER variable monthly parameter value flags **~*
# - # CSNO RTOP UZFG VCS VUZ VNN VIEW VIRC VLE i ’
1 21 1 0 0 1 1 0 o] 0] 1
=% 7-YEARS2.INP Sheet 4 of 54



END PWAT-PARML

PWAT~PARM?

¥*¥¥ O FOREST fraction of land which transpires during winter (0.0/0.0/1.2};

*** LZS3N lower zone nominal storage [in.] {none/0.01/100.0);

***x INFILT is index to infiltration capacity of the soil [in./hr] (ncne/0.0001~

*** LBUR is length of overland flow plane [ft] (none/1.0/none)
*** SLSUR is slope of overland flow plane (none/0.000001/10.0);
*** KVARY parameter enabling groundwater recession flow to be non
*** exponential in decay with time (0.0/0.0/none);

*¥* AGWRC groundwater recession rate if KVARY = 0.0

*** [rate today/rate yesterday] (none/0.001/1.0});

<PLS > PWATER input info: Part 2 ***

# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC

1 0.000 5.0 0.050 350. 0.0500 0.0 0.422

2 0.000 5.0 0.050 350. 0.0200 0.0 0422

3 0.000 5.0 0.050 300. 0.1000 0.0 0.422

4 0.000 5.0 0.050 300. 0.0700 0.0 0.422

5 0.000 5.0 0.050 300. 0.1000 0.0 0.422

6 0.000 5.0 0.050 300. 0.1000 0.0 0.422

7 0.000 5.0 0.050 350. 0.0360 0.0 0.422

8 0.000 5.0 0.050 350. 0.0300 0.0 0.422

9 0.000 5.0 0.050 250. 02000 0.0 0.422

10 0.000 5.0 0.050 250. 0.1500 0.0 0.422
11 0.000 5.0 0.050 250. 0.16080Q 0.0 0.422
12 0.000 5.0 0.050 250. 0.1600 .0 6.422
13 0.000 5.0 0.050 250. 0.1300 c.0 0.422
14 0.000 5.0 0.050 350. 0.0200 0.0 0.422
15 0.000 5.0 0.050 250 0.12 9.0 0.422
16 0.000 5.0 0.050 250, 0.12 0.0 0.422
17 0.000 5.0 0.050 2504 0vlé 0.0 0.422
18 0.000 5.0 0.050 350. 0.02 0.422
19 0.000 5.0 0.050 250 0,12 0.422
20 0.000 5.0 0.050 250. 0.12 0.0 0.422
21 0.000 5.0 6,050 250. 0.16 0.0 0.422

END PWAT~PARM2

PWAT-PARM3

*** PETMAX 1s alr temp below which BT 1s arBftrarily reduced from input TSS (4C
*** PETMIN is is temp below'whichwET ¥s zero (35.0/none/none)

*** INFEXP is the exponent in the infiltration equation (p. 164) (2.0/0.0/10.0)
*** INFILD is the ratio between max.and mean infiltration (2.0/1.0/2.0)

*** DEEPFR is fraction of.groundwater “inflow which will enter inactive

*** groundwater storage (0.0/0:0/1.0)

*** BASETF is the fraction of remaining potential ET which can be satisfied

*** from baseflow (0.0/0.0/1.0)

¥x¥ AGWETE is™the fraction of remaining potential ET which can be satisfied

*** from active grooundwater storage (0.0/0.0/1.0)

<PLS PWATER input irfo: sPart 3 +*~
# - 4 ***PETMAX PETMIN INFEXP INFILD DEEPFR BASETP AGWETP
1 21 43.0 39.0 2.0 2.0 0.00 0.0 0.0

END PWAT-PARM3

PWAT-PARMY4

¥** CEPSC is the interception storage capacity [in] (0.0/0.0/10.0)

*¥* UUZSN is the upper zone nominal storage {in] (none/0.01/10.0)

*** NSUR ig the Manning's n for the overland flow plane (0.1/0.001/1.0)

“71-YEARS2 INP
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**x* INTFW is the
-
rr+yozero inflow,
*¥*+ yesterday
LZETP
***x yvegetation

<PLS

*oxx is the

IRC is the interflow recession parameter

(p.

interflow inflow parameter (p.164) (none/l.0e-30/none)

{none/1l.0e~-30/none). under
this is the ratio of interflow outflow rate today/rate
170)

lower

zone ET parameter (index to density of deep rooted

(0.0/0.0/1.0)
PWATER input info: Part 4

* Kk

# - # CEPSC UZSN NSUR INTFW IRC LZETP ***
1 21 0.10 0.70 0.05 1.7 0.95 0.35

END PWAT-PARM4

MON-INTERCEP

CEPSC ADJUSTMENT FACTORS oo’

# - # JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC #¥+
1 21 .08 .13 .20 .21 .21 .60 .60 .50 .30 .15 .i3 .13

END MON-INTERCEP

MON~UZSN

UZSN ADJUSTMENT FACTORS ok

# - # JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV" DEC *x*
1 21 .40 .40 .60 0.80 0.80 0.9 0.9 0.8 .70 .60s .50 .35

END MON-UZSN

MON-LZETPARM

LZETP ADJUSTMENT FACTORS ol

# - # JAN FEB MAR APR MAY JUN JUL AUG SEP OCT. NOV. DEC **x
1 21.05 .05 .05 .1 .10 .60 .6 .6 .4 .2 .1 .05

END MON-LZETPARM

PWAT-STATEL

**+ CEPS is the interception storage [in.] {0:0/0.0/100,0)

*** SURS is the surface storage [in.] (0.0/0.07100.0)

*** UZS is the upper zone storage [in.] (0.001/0.001/100.0)

*** TEFWS is the interflow storage.{in.] 10.0/0.0/1080.0)

*** LZS is the lower zone storage [4n.7: (05001/0.0017106.0)

d ok

* ke

AGWS is the active groundwatef storage
GWVS is the index to groundwater slope

(0.0/0.0/100.0)
(0:0/0.0/100.0)

[in.]
[in.]

<PLS » *** JTnitial conditions at start of sTiftitation
# -~ # ***x CEPS SURS UzZS IFWS LZs AGWS GWVS
1 21 0.00 0.0 0.0 0.0 6.00 .010 0.023
END PWAT-STATE1
SED-PARM1
(E'LS) * ko k
# - # CRV VSIV 3SDOP ***
1 21 1 0 &
END SED-PARM1
SED-PARM2
.1E1LS;. * de K
# - 4 SMPFE KRER JRER AFFIX COVER NVST **~*
1 1.0 0.5 1.70 0.01 .5 0.00
2 1.0 0.5 1.70 0.01 0.5 0.00
3 1.0 0.5 1.70 0.01 0.5 .00
4 1.0 0.5 1.70 0.01 0.5 0.00
5 . 1.0 0.5 1.70 0.01 0.5 0.00 ‘
6 1.¢ 0.5 1.70 0.01 0.5 0.00
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7 1.0 0.5 1.70 0.01 0.5 0.00
8 1.0 0.5 1.70 0.01 0.5 0.00
9 1.0 a. 1.70 0.01 0.5 0.00
10 1.0 0.5 1.70 0.01 0.5 0.00
11 1.0 0.5 1.70 0.01 0.5 0.00
1z 1.0 0.5 1.70 0.01 0.5 0.00
13 T 1.0 0.5 1.70 0.01 0.5 0.00
14 1.0 0.5 1.70 0.01 0.5 0.00
15 1.0 0.5 1.70 0.01 0.5 0.00
16 1.0 0.5 1.70 0.01 0.5 0.00
17 1.0 0.5 1.70 0.01 0.5 0.00
18 1.0 0.5 1.7¢0 0.01 0.5 0.00
19 1.0 0.5 1.70 0.01 0.5 0.00
20 1.0 0.5 1.70 0.01 0.5 0.00
21 1.0 0.5 1.70 0.01 0.5 0.00
END SED-PARM2Z

SED-PARM3

<PLS> **x

# - 4 KSER JSER KGER JGER ***

1 .08 1.5 1.100 1.8

2 .08 1.5 1.100 1.8

3 .08 1.5 1.100 1.8

4 .08 1.5 1.100 1.8

5 .08 1.5 1.100 1.8

6 .08 1.5 1.100 1.8

7 .08 1.5 1.100 1.8

8 .08 1.5 1.100 1.8

9 .08 1.5 1.100 1.8

10 .08 1.5 1.100 1.8

11 .08 1.5 1.100 1.8

1z .08 1.5 1.100 1.8

13 .08 1.5 1.100 1.8

14 .08 1.5 1.100 1.8

15 .08 1.5 1.100 1.8

16 .08 1.5 1.1080 1.8

17 .08 1.5 1.100 1.8

18 .08 1.5 1.100 1.8

19 .08 1.5 1.100 T8

20 .08 1.5 1.100 1.8

21 .08 1.5 1.100 1.8

END SED-PARM3

MON-COVER

<PLS> MONTHLY VALUES FOR EROSIN+RELATED COVER  *¥¥%*

# # JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *x*

1 21 .25 .25, .2%. .50 .50 .50 .50 .50 .54 .45 .33 .10
END MON-COVER

**x  Water Quality Section =**

NQUALS

<PLS: *xx

# -~ #NQUAL ol

1 21 3

END NQUALS

*++  THE FOLLOWING ARE FOR THE FIRST COC - AM %%

QUAL-PROPS
<PLS> IDENTIFIER AND FLAGS **¥*
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§ - #**+ QUALID QTID QSD VPFW VPFS QSO VQO QIFW VIQC QAGW VAQC

1 21 AM KPCI 1 0 0 s 0 3 0 0 0
END QUAL~-PROPS ‘

QUAL-INPUT
<PLS> STORAGE ON SURFACE AND NONSEASONAL PARAMETERS — *-+

§ - gre+ 500  POTEW POTFS ACQOP SQOLIN  WSQOP 100C AQQC  *x
1 0 0.91 0.91 0 0 0 0 0
2 0 0.0 0.0 0 0 0 0 0
3 0 0.0 0.0 0 0 0 0 0
4 0 0.0 0.0 0 0 0 0 0
5 0 0.0 0.0 0 0 0 0 0
6 0 0.0 0.0 0 0 0 0 o
7 0 0.0 0.0 0 0 0 0 0
8 0 270.58 270.58 0 0 0 0 0
9 0 55.39 55.39 0 0 0 0 0
10 0 79.90 79.90 0 0 0 0 I
11 0 49.94 49.94 0 0 0 0 0
12 0  38.14 38.14 0 0 0 0 0
13 0 9.08 9.08 0 0 0 0 0
14 0 3.63 3.63 0 0 0 0 0
15 0  83.54 83.54 " 0 g 0 0
16 0 0.0 0.0 0 9 o 0 0
17 0 0.0 0.0 0 2 s o 0
18 0 0.0 0.0 0 0 0 0 "0
19 0 10.90 10.90 0 0 0 0 0
20 0 3.63 3.63 0 0 o 0 0
21 0 0.0 0.00 0 9 0 Q 0
END QUAL-INPUT R

**% THE FOLLOWING ARE FOR THE SECOND COC - ‘PU ik *¥™ .
QUAL-PROP'S '

<PLS> IDENTIFIER AND FLAGS ***

# - #**+ QUALID QTID QSD VPFW VPFS QSO VQO QIFW VIQC QAGW VAQC
1 21 PU KPCI 170 © 0 0. 0 0 0 0
END QUAL-PROPS S

QUAL-INPUT ,

<PL5> STORAGE ON SURFACE AND NONSEASONAL/BARAMETERS *xow

§ - #§**+ SQO  POTFW POPES ACQOP / SQOLIM  WSQOP 100C AQQC  **+
1 0 1.81 1.81 o 0 0 ) 0
2 0 0.0 0.9 0 0 0 0 0
3 0 0.0 0,0 0 0 0 0 0
4 0 0.0 0.0% 0 0 0 0 0
5 0 070 0.0 ) o 0 0 o
6 0 0.0 0.0 0 0 0 0 0
7 0 §:0 0.0 0 0 0 0 0
8 0 573,01 “.523.01 0 0 0 0 0
9 0 127.12~ 177,12 0 0 0 0 0
10 0 308.12 ™308.12, 0 0 0 0 0
11 0 104.42  10%.47 0 0 0 0 0
12 0 227.91 227.91 0 0 0 0 0
13 0 20.88 20.88 0 0 0 0 0
14 0 7.26 7.26 0 0 0 0 0
15 0 100.79 100.79 0 0 0 0 0
16 0 135.29  135.29 0 0 0 0 0
17 0 9.08 9.08 0 0 0 0 0 ‘
18 0  85.35 85.35 0 ) o 0 0
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19 0 164.35 164.35 0 0 0 0 0
20 0 296.00 296.00 0 0 ' 0 0 o]
21 0 0.0 0.00 0 0 0 0 It
END QUAL-INPUT ‘

**+ THE FOLLOWING ARE FOR THE Third COC - $Sb (Antimony) ***

QUAL-PROPS

<PLS> IDENTIFIER AND FLAGS ***

$ - #*** QUALID QTID QSD VPEW VPFS QSO VQO QIFW VIQC QAGW VAQC
1 21 SB GRAM 1 0 0 0 0 0 0 0 0
END QUAL-PROPS

QUAL~INPUT

<PLS> STORAGE ON SURFACE AND NONSEASONAL PARAMETERS ot

# - #***x 500 POTEW POTFS ACQOP SQOLIM WSQOP I0QC RAQQC
1 0 0.175 0.175 ¢ o] 0 0 0
2 0 0.000 0.000 0 o] 0 0 0
3 0 0.001 0.001 0 o] 0 O 0
4 0 0.000 0.000 0 0 o] 0 0
5 o] 0.000 0.000 0 o] 6] 0 o]
6 Q 0.000 0.000 0 o] o 0 0
7 0 0.001 0.001 0 o] o 0 0
8 o] 3.600 3.600 0 0 0 0 0
9 o] 1.380 1.380 0 o] 0 0 0
10 0 1.541 1.541 Q 0 o] 0 0
11 o 1.049 1.049 0 o] O 0 0
12 0 1.764 1.764 o] 0 0 0 &
13 0 0.601 | 0.601 0 0 0 Q 0
14 0 0.174 0.174 0 0 0 o] 0
15 0 2.973 2.973 a Q 0 0 0
16 0 2.145 2.145 0 0 0 0 Q
17 0 0.087 0.087 o] 0 0 0 0
18. s} 0.000 0.000 o] 0 0 0 0
19 o] 3.670 3.670 0 0 0 o] 0
20 0 1.449 1.449 0 o] 0 0 0
21 ¢ 0.000 0.000 8] O §] o] O
END QUAL-INPUT

END PERLND

oo e O AL, IMPEND PR YRR R RRRI BB BB e
IMPLND

ACTIVITY

<IL& > Active Sections ok

# - # ATMP SNOW IWAT SLD IWG IQAL ***

1 4 1 bt 1 1 1

END ACTIVITY

PRINT-INFO

<IL3 » Print-flags i

# - # ATMP SNOW IWAT SLD IWG IQAL PIVL PYR ***

1 4 5 5 5 5 5 1z

END PRINT-INFO

GEN-INFO

<IL3 »———mm—e—— Name===~——- > Unit~systems Printer **x

# -~ 4 User t-series Engl Metr *+**

7-YEARS2 INP
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in out dokox

1 4 1 1 1 41 Q
END GEN-INFO

**% ATEMP section used, air temperature is corrected for

*** different elevation.

ATEMP-DAT

<PLS > Elevation diff. between MetSta and Woman Creek***
# - # Feet * o x
1 4 -400.

END ATEMP-DAT

FAk —m e End ATEMP, Start SNOW ~—=—-e--— ol

*** Section SNOW **x*

ICE-FLAG

<ILS > 0= Ice formation not simulated, 1= Simulated ***
# - HICEFG * ¥k
1 4 1 "

END ICE-FLAG

SNOW~PARM1

<ILS » Snow input info: Part 1 ke *

- 4 LAT MELEV SHADE SNOWCF COVIRD ***

1 4 39.88 5835. .05 1.24 0.14

END SNOW~PARM1

SNOW-PARM2 ; . ’ .
<ILS > Snow input info: Part 2 o *ok ok

# - # RDCSN TSNOW SNOEVP CCFACT MWATER MGMELT ***

1 4 0.10 33. ‘ 0.20 2.0 0,10 0.0100

END SNOW-PARM2

SNOW-INIT1

<ILS > 1Initial snow conditionms: Part 1 *k ok
# - # PACKSNOW PACKICE PACKWATER RDENPF :DULL PAKTMP ***
1 4 0.1 0.05 , A 02 400. 30.0

END SNOW-~INIT1

SNOW-INIT2 y

<ILS > Initial snow”conditions: “Part 2. ***
- # COVINX AENMLT SKYCLR e
14 .014 0.0 1.0

END SNOW-INITZ2

**xx Section TIWATER:X**

IWAT-PARM1 ‘

<ILS > Flags T, www
# - # CSNO RTOP VRS VNN RTLI **+
1 4 1 0 1

END IWAT-PARM1

IWAT-PARMZ

<ILs © * % % ‘II’
# - # LSUR SLSUR NSUR RETSC **+
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1 3300 .05 0.20 0.500

2 1000 .03 0.20 0.15¢C

3 600 .03 0.20 0.150

4 3800 .017 0.20 0.15¢C

END IWAT-PARMZ

IWAT-PARM3

<ILs » b

# - # PETMAX PETMIN ***

1 4 43. 39.

END IWAT-PARM3

IWAT-STATEL

<ILS > 1IWATER state variables **~*

# - # RETS SURS il

1 4 0.00 .00

END IWAT-STATEL

5LD~-PARM1

<ILS > SOLIDS PARAMETERS *owk

# - # VASD VRDS SDOP *oxx

1 4 0 1 ¢]

END SLD-PARM1

SLD-PARM2

<IL5 > K’k ok

# - 4 KEIM JEIM ACCSDP REMSDP  ***

Fre ] 0.20 1.70 0.01 .2

¥EE 2 0.22 1.70 0.005 Gl

wrE 3 0.95 1.70 0.01 3.2

| 0.25 1.70 0.01 0.2

1 0.80 1.70 0.02 0.2

2 1.20 1.70 0.02 0.2

3 1.50 1.70 0.02 0.2

4 1.20 1.70 0.02 0.2

END SLD-PARM2

S5LD-STOR

«IL3 » SOLIDS STORAGE  *¥*

# - # * ok ok

1 4 0.2

END SLD-STOR

NQUALS

. ILS N

# - #NQUAL T

1 4 3

END NQUALS

*** FOR THE FIRST COC=AM ¥+»

QUAL~-PROPS

<TIL3 » IDENTIFICATION AND FLAGS * ok

[ # QUALID QTID QSD VPFW QSO VQO <+x»*

1 4 AM KPCI 1 0 0 0

END QUAL-PROPS

QUAL-INPUT

<IL&S» STORAGE ON SURFACE AND NONSEASONAL PARAMETERS

# - # 500 POTEW ACQOP  SQOLIM W3sQOP
“"7-YEARS2.INP

* ok
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1 0 0.00 0 §] 0
z o 0.00 o] 0 0
3 0 270.58 Q 0 0 .
4 0 3.63 0 0 0

END QUAL-INPUT
*+*% FOR THE SECOND COC-py »*»*

QUAL-PROPS

<ILS > IDENTIFICATION AND FLAGS *k ¥

# - 4 QUALID QTID QSD VPEW QSO VQO **¥*
1 4 Py KPCI 1 0 0 o

END QUAL-PROPS

QUAL-INPUT

<ILS> STORAGE ON SURFACE AND NONSEASONAL PARAMETERS **+

# -~ # SQO POTEW ACQOP SQOLIM WSQOP i

1 0 0.00 0 0 0

2 0 0.00 0 0 0

3 0 523.01 0 0 0

4 0 7.26 0 0 0

END QUAL~INPUT

**% POR THE THIRD COC~SB ***

QUAL-PROPS

<ILS » IDENTIFICATION AND FLAGS Fok

# - # QUALID QTID QSD VPFW QSO VQO ***

1 4 SB GRAM 1 0 0 0

END QUAL-PROPS

QUAL-INPUT

<IL5> STORAGE ON SURFACE AND NONSEASONAL BARAMETERS WEw ‘
- # SQO  POTFW  ACQOP SQOLIM  WSQOP g% '
1 0 0.000 0 0 0

2 ¢] 0.001 ¢} 0 ¢}

3 o} 3.600 8] 0 0

4 0 0.174 o] 0 0

END. QUAL-INPUT

END IMPLND 4 B
*********(({{{{‘{"{"('{({((*******RCHRES********************))})))))}
RCHRES

ACTIVITY

RCHRES Active Sections (l=Active,’ 0=Inactive) b

# - # HYFG ADFG/CNFG HTFG SDFG GQF6 OXFG NUFG PKEG FHEG ***

1 27 1 1 0 1 1 1 0 0 0 0

END ACTIVITY

PRINT-INFO

RCHRES Print~flags il
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB PIVL PYR ***
1 27 5 6 6 6 5 5 6 < 6 6 12

END PRINT-INFO

GEN-INFO

RCHRES < --——~~— Name------- >Nexit Unit Systems Printer FHE Ty ‘
# - 4 User t-series Engl Mety LKEG **v*»
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in out
1 NO NAME

(%3

@~y s (W

MCKAY DITC
WALNUT CRK
WALNUT CRK

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
END GEN-INFO

HYDR-PARM1
RCHRES
$ - #
FG FG FG G

1 2 3 4 5
1 9 o 1 1
10
11
1z
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27 0
END HYDR-PARM1

OO O OO0 0O 00000 o000 o0
= T T e e e e R R = T = T T S py WU S I

e 7-YEARS2 INP

MCKAY BYPASS
MCKAY BYPASS
RCH OUT OF A4

H

[ e T o T e S e S O = B =y e

**+ Section HYDR ***

possible

I I e T e e T e e - S e e e S

* ok ok ok ke

2
4

Flags for HYDR section
VvC Al AZ A3

exit
1

4 5
1

4 .5
4 5
4 5
4 5
4 5
1

4 5
4 5
4, 5
4 5
4 5
4 5
4 5
4 5
4 5

[\

S

N M

N RN RN

NN N RN NN WRN RPN DN NN RN

e

T R S

ODFVFEG for each

e e e T o o T T e T S S S

o

T o = T R S U S

possible

5 &xk

1

Ll R L e e e e e T e e e T = T e

ODGTFG for, each ***
exit ***,possible

R N e T S

e e e R e S R = T ™Sy S PN

3

42
42
4z
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

4

o OO0 0 0O o0 o o o

S OO O O O O B O O 0O 0 0 000 0o

o O O OO0 0 O O O

D O Tk e O D @ O O O

FUNCT
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HYDR~-PARM2

RCHRES ***

# - # FTBN LEN DELTH STCOR Ks DBE. *~*
1 1 1.23 140. .5 0.04z 0
2 2 1.44 140. .5 0.042 O
3 3 0.78 190. .5 0.07> 0
4 4 0.28 30. .5 0.202 0
5 5 0.34 55. .5 0.07% 0
6 6 0.25 20. .5 6.20C O
7 6 0.2% 20. .5 0.200 0
8 8 0.50 60. .5 0.394 0
9 9 0.20 100. .5 0.315 0
10 10 0.15 2. .5 0.079 @
11 11 0.15 30. .5 0.500° 0
12 12 0.12 3. .5 0.045 O
13 13 0.23 30. .5 051450
14 14 0.05 1. .5 0.045 0
15 15 